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Abstract 
A New System for Catalytic Asymmetric Epoxidation 
Adel Ardakani 
I 
This thesis discusses the field of as}')11lIletric synthesis of oxiranes. An 
introduction highlighting the most successful methods for the synthesis of chiral 
epoxides including the latest advances in these areas, with particular attention paid to 
the organocatalytic techniques is presented in chapter one. 
The second chapter begins by summarizing the group's previous efforts in the 
initial stage of this project and sets the motif for this work. These include: the' 
synthesis of enantiopure dihyroisoquinolinium salts with a chiral residue attached to 
the exocyclic carbon-nitrogen bond as catalysts for asymmetric epoxidation; utilizing 
systems such as camphor and natural atnino acids as starting points for these 
syntheses; developing other catalyst families in order to delve into the possibility of 
eliminating the structural weaknesses leading to loss of enantioselectivity in the 
oxygen transfer process; attempts to probe the reactive intermediates responsible "for 
the asymmetric induction by analytical techniques; checking for catalyst applicability 
with different alkene and sulphide substrates; the development of anhydrous reaction 
conditions and their testing with the successful catalysts prepared. Enantiomeric 
excesses of up to. 70% have been obtained. An attempt at exploring the synthesis of 
chiral reagents for the asymmetric epoxidation via a Payne/peroxyacid route is also 
described. This chapter concludes with a comparison of the catalyst families 
generated, and presents a few suggestions for future research in this area. 
The third chapter is dedicated to, the experimental section and includes' the 
methods of synthesis and characterization of the compounds in the results and 
discussion chapter. 
There are three appendices at the. end of the thesis; Appendix A contains a 
sununary the X-ray reports regarding the crystallographic data of the compound 
structures presented in chapter two. Appendix B contains samples of the analytical 
spectra of the enantiomeric excess determination for epoxides. Appendix C includes a 
.. copy of both publications I was involved in during my research in this topic. 
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Chapter One 
Introduction 
1.1 Epoxides, general introduction 
Epoxides, also known as oxiranes, consist of an oxygen atom bonded to two carbon 
atoms joined in a' saturated three-membered ring. The ring strain renders epoxides 
reactive species which undergo various chemical transformations, and ring-opening 
attack by various nucleophiles constitutes the main research area of the vast epoxide 
chemistry, (Scheme I). 
Scheme 1 
The epoxidation of various types of alkenes is one of the most fundamental oxygen 
functionalizations of carbon-carbon double bonds. The ease of this reaction furthers 
the importance of epoxides in organic chemistry, due to their availability from cheap 
starting materials. 
1.2 Epoxides in natural products 
The importance of asymmetric epoxidation techniques arises partly from differential 
biological responses to the tw() enantiomers. This has been observed at several levels 
oflife, for example, the male tussock moth, Orgyia postica (Walker) responds only to 
the (6Z,9Z, lIS, 12S)-11 , 12-epoxyhenicosa-6,9-diene trans-isomer (posticlure 1) 
produced from the wingless female counterparts. The synthetic pheromone would be . 
useful for disrupting mating of this mango and litchi parasite. 1 This is also true of the 
phermone disparlure (2), (+)-(7R,8S)-cis-7,8-epoxy-2-methyl-octadecane, in the gipsy 
moth, Lymantria dispar (L),2 
H 
""'/~ 
2 
Since the discovery of the ovarian and breast anticancer therapeutic properties of 
Paclitaxel (Taxol® 3) (Scheme 2), an extract from the Yew tree, taxane diterpe~oids 
have attracted increasing research by various groups. Both MCPBA and DMDO at the 
I 
--- ------------------------------------------------------------------------
.--------------------- -- ---- ----- ---
appropriate temperature were used to generate the epoxides, which will be useful for 
the synthesis of other analogues by reaction with a strong Lewis acid.3 In the case of 
2-deacetxytaxine J (4), epoxidation with 4 equivalents of MCPBA at room 
temperature afforded the 4a,20-monoepoxide (5) iri 80% yield and a 10% yield of the 
diepoxide (6) (Scheme 2). When the same reaction was carried out at 0-10 cC, 4a,20: 
11~,12~-diepoxide (6) in 68% yield and a 25% yield of 11~,12~-monoepoxide (7) 
were obtained. On the other hand, 30 equivalents of DMDO at room temperature 
afforded a mixture of 1 ~-hydroxy-4a,20-epoxide (8) in 45% yield and a 51 % yield of 
1~-hydroxy-4~,20-epoxide (9). This is one example of the complementing function of 
different epoxidation· reagents used to tackle, in this case, substrate-controlled 
stereoselective epoxidation.4 
NHBz 
Ph l 0 H Hd Ou,,· 
'cjjj~0 0 O~ AeOIl.. '. + -"I 
. ~ . 
HO ~ H , o·bTES 
. -
\0 
j MCPBA (4 eq) NaOAc,DCM 
At;O 
OMOO (30 eq) 
11,48 h 
AeO"'" + AeO!!'" 
• 
Scheme 2 
~O" •. ~~ 
:tifd,.OTES 
a, 1 ~·hydroxy-4a.20-epoxlde 
9, 1JJ-hydrOXY-4j3,20-epoxlde 
The epothilones represent alternatives to taxanes as anticancer agents. Epothilone B 
(10) surpassed Taxol® and other drugs in being effective against cells that survived 
Taxol® treatment, making epothilone B one of the most effective anticancer drugs 
discovered.s The total synthesis of epothilones A, B and F had been reported, but in 
all cases the ultimate step in those syntheses involved the epoxidatiort.of 12,13-
desoxyepothilones to the epothilones.6 When this epoxidation was carried out using 
2.2 equivalents ofDMDO at -78°C, greater than 25:1 diast~reoselectivity in fav~ur 
of epothilone B was obtained.7 
2 
Biological receptors are chiral, and this. has generated the demands on the 
. . 
pharmaceutical, agrochemical and to a lesser extent the food industry to invest in and 
produce. asymmetric synthetic methods, chiral epoxidation being just but one 
example. 
Since the start of my PhD studies in 1998 over 3000 articles regarding epoxidation 
chemistry have been reported. An attempt to introduce asymmetric epoxidation . 
techniques with emphasis on the latest developments in these fields and on 
organocatalytic8 methods is the general guideline followed herein. Routes to chiral 
epoxides other than by epoxidation are also mentioned. 
1.3 Asymmetric epoxidation techniques 
1.3.1 Epoxidations with organic peroxyacids. 
Peroxycarboxylic acids with a general fonnula (11) (Scheme 3) readily epoxidize 
alkenes via transition state (12) of the "butterfly" mechanism, involving the 
. nucleophilic attack on the peroxyacid oxygen-oxygen bond by the 1t-electrons of the 
olefinic double bond.9 Recent calculations. by Houk suggest that a spiro transition 
state is energetically more favoured. IO The geometry of the alkene is retained in the 
epoxide product.!! This reaction was first reported by Prileschajew in 1909.!2 
fI" H., 
..Jl- /0 + 
R 0 
11 
Scheme 3 
It has been shown by Henbest13 and Sharpless!4 that there is a syn-stereodirecting 
. effect in the case of allylic aIcohols due to hydrogen bonding with one of the oxygens 
3 
of the peroxyacid (13).15 
12 13 
MCPBA is the most widely used peroxyacid for epoxidation. Muller reported a recent 
example of the directing effect of the hydroxy group in the asymmetric epoxidation of 
chiral building block (14) (Scheme 4).16 In the case of (14) to (15) the hydroxy 
directing effect afforded the syn-epoxide ofthe less hindered alkene, while in the case 
of (17), the same hydroxy group is TBS-protected, and afforded the anti-epoxide. The 
number of equivalents and the temperature, at which the reaction is carried out, 
controlled the level of epoxidation in this system. The selectivity arose from both 
steric and electronic factors that affected the approach of the peroxyacid in the alkene 
epoxidation. 
Co,Me A .. ·"OH 
U OH 
J
i 14 
65% 
r. ',.\\OH D:,Me OH o 
15 
TBSOTf. NE. 
DCM. rt. 2 h . 
95% 
Co,Me A ... "OTBS 
U OTBS 
16 
H,\ 
o • 
-He-xa..cnD~e~B~oA1;~c-. 3-h- HO~ .• ".eTBS ~ 
68% . U OTliS 
lX)":::: 
11 18 
82% 
Scheme 4 
17 '-.,JU 
79i0.. 
H,\ 
O' . 
EXOTBS 
Cl"'" OTBS 
19 
I) MCPBA 1.0 eq. NaHCo,. DCM. rt. 3 h 
11) MCPBA 2.5 eq. NaHCO,. DCM. 50 ·C. 18 h 
ill) MCPBA 1.5 eq, NaHCOj. DeM, 50 ·C, 16 h 
MCPBA is shock sensitive and can detonate. Alternative peroxyacids such as 
peracetic acid,· trifluoroperacetic acid,. 4-nitroperbenzoic acid and magnesium 
monoperoxyphthalate hexahydrate (MMPP) have been developed as replacements.17 
With simple prochiral alkenes, peroxyacid epoxidation affords racemic epoxide 
products, and most attempts to prepare chiral peroxyacids have had limited success 
due to the remoteness ofthechiral centre from the oxygen transfer site. 18 
4 
Hydrogen peroxide represents an ideal oxidant because it is cheap, safe, easy to 
handle and environmentally friendly due to water being the only co-product. But it 
requires activation due to the poor leaving group ability of the hydroxide ion.19 
. Activation can be achieved by various methods, of which the use of transition metal 
salts or complexes,2o forming reactive peroxyacids form carboxylic acids,21 or 
peroxycarboximidic acid from acetonitrile (payne epoxidation),22 or peroxyisourea,23 
selenic acids,24 and bicarbonate activated peroxide (BAP) system25 are common. In 
the 'Payne system, chiral versions suffered the same fate as their peroxyacid 
counterparts of limited success, for the same reason.26 Alkaline hydrogen peroxide 
has been utilized as a stoichiometric oxidant for a wide range of asymmetric 
epoxidation systems, whether they be metal or non-metal based. 
13.2 Sharp less asymmetic epoxidation of allylic alcohols. 
Sharp less and Katsuki reported in 1980 a system to convert primary allylic alcohols 
(20) (Scheme 5) to optically a~tive epoxide;' in greater than 90% ee,27a A 
hydroperoxide, usually Bu'OOH, is the oxidizing agent. Thechiral additive used is 6-
12 mol% of an enantiomerically pure dialkyl, ester of tartaric acid, usually diethyl 
tartrate. Ti(OPt)4 is added so that the oxidizing agent and the chiral ligand can' 
assemble to form an enantimerically pure chiral complex (21), By replacing one of the 
isopropoxide groups with the alkene substrate, asymmetric induction is achieved. No, 
epoxidation takes place in the absence of Ti(OPt)4. The major advantage of this 
system'lies in the capability to produce either enantiomer of the desired epoxyalcohol, ' 
with the ability to predict the stereochemical outcome depending on which 
enantiomer of the commercially available tartrate ester is used.27 
[oJ. ,·(+)·DET 
'11 ,---_R~ Rt _ OH 
[DJ. o-(-)·DET 
21, 
Scheme 5 
Much debate concerning the mechanism of this reaction has occurred over the past 
decades, but the preferred pathway pr~posed by Sharp less, involves a bidentate metal-
5 
I 
I 
I 
alkylperoxidic intennediate (22) (Scheme 5) fonned by the nucleophilic substitution 
of the hydroperoxide on the metal center. The alcoholic oxygen of the alkene 
substrate coordinates to the metal fonning intennediate (23) in which intramolecular 
. 14,28 
oxygen transfer occurs (Scheme 6). 
Scheme 6 
A recent example of the use of the Sharpless asymmetric epoxidation (SAE) is in 
introducing chirality required for the synthesis. of chroman-2-ylmethanol (26) 
(Scheme 7), an important optically active synthetic moiety for biological compounds 
such as a-tocopherol (vitamin E).29 SAE using L-(+)-diethyl tartrate and alkene (24) 
afforded (S,S)-epoxide (25)' with 85% yield and 93 % ee.30 
~ 
OM. 
24 
8u'00H, Ti(OPt')" L·(+)-DET 
DCM. -24 ·C, 20 h, 85% 
~I· :OM .""",,~o 
y~OH 
OM. 
25 
Scheme 7 
HO~. 
-------- ~oX,/OH 
26 
In the case of secondary allylic alcohols, kinetic resolution can be carried out using 
SAE whereby the enantiomers of the starting allylic alcohol react at different rates. In 
the best examples, the unreactive enantiomer is isolated in almost 50% yield with 
greater than 95% ee, and the other enantiomer is epoxidized to almost 50% yield with 
greater than 95% ee. Tertiary allylic alcohols are problematic substrates for the 
Sharpless epoxidation due to their poor reactivity. This has been suggested to be due 
to the strong binding of the tertiary alkoxy substrate to the titanium complex.31 
6 
I 
I 
I 
I 
Research is ongoing for improving the SAE. One of the latest reports describes a 
soluble polymer(PEG)-supported SAE catalyst with good yields and 
enantioselectivities, with easy recovery by filtration, but a drop in the 
enantioselectivity is observed upon recycling.32 The work by Sharpless has paved the 
way for extensive research in the area of asymmetric reactions. 
i 3.3 Metalloporphyrins as epoxidation catalysts. 
SAE presented a successful approach for allylic alcohol substrates, but in the case of 
non-functionalized alkenes, interest has arisen from mimicking the reactivity of the 
cytochrome P-450 family of the heme monooxygenase enzymes. Models based on 
Fe(III) porphyrins are published in the work of Groves and Hill.33 Groves described 
the first catalytic asymmetric epoxidation of simple' olefins mediated by a chiral 
porphyrin, (27) (Scheme 8), whereby oxygen transfer from iodosylmesitylene, the 
oxidizing agent, to the catalyst to form an oxo-metal(V) porphyrin intermediate, 
which subsequently transfers its oxygen. atom to the olefinic substrate. 4-
Chlorostyrene (28) afforded the best ee of 51 %. The enantioselectivity was generally 
low to moderate, with cis-alkenes exhibiting better selectivity than trans-alkenes.34 
A,o 27.~( 
Toluene. 0 ·C 
,~ CJN. 
Scheme 8 
27. R= 
, 
, 
CONH 
Co,Me 
The major success. of this epoxidation. teclmique was presented in the work' of' 
Collman for the enantioselective epoxidation of terminal alkenes.3s Complex (29) 
(Scheme 9) was synthesised from a, a,,B,,B-tetrakis( aminophenyl)-porphyrin (T APP 
30)36 in 53% overall yield. Use ofthe chiral pseudo C2-symmetric iron porphyrin (29) 
addressed previous problematic issues such as low turnovers and moderate 
enantioselectivities; for example, in the case of styrene, an epoxidation rate of 40 
turnovers/min was achieved with up to 5500 turnovers while maintaining a reasonable 
7 
I 
I 
ee of 75%. The geometry of (29) provides open space for substrate access with 
substantial steric bulk in close proximity to the metal center, therefore contributing to 
the high catalytic activity and selectivity. Styrene epoxidation afforded the 
corresponding epoxide in 95% yield with 83% ee, and non-conjugated terminal olefin 
3 ,3-dimethylbutene was epoxidized in 85% yield with an ee greater than 90%. 
(X,Ct.~,P-T APP 30 
j I) FeBr2 D) o,JHCI 
Scheme 9 
Metalloporphyrins present a successful route for the asymmetric epoxidation of 
terminal alkenes, but the multi-step syntheses of these complexes is usually afforded 
in low yields, thus limiting their synthetic utility.37 These enzym~-mimicking 
porphyrins inspired the generation of the alternative metal salen complexes, which 
exhibit superior efficie~cy and enantioselectivity. 
1.3.4 Jacobsen's epoxidation catalyst. 
In contrast to metalloporphyrins, salen complexes are not completely planar and offer 
chiral centers in close proximity to the oxygen-transferring metal. J acobsen 
investigated over fifty ligand modifications before catalyst (31) (Scheme 10) was 
found to exhibit the most effi~ient enantioselective epoxidation of unfunctionalized . 
0lefins.38 This Mn(III)-Schiffbase complex achieved yields of up to 97%, with ees as 
high as 98%, using 2-5 mol% catalyst loading. A host of oxidizing agents has been 
used, including iodsylbenzene,l9 NaOCI,4o MCPBA,41 molecular oxygen,42 DMDO,43 
H20 2,44 periodates45 and OxoneTM.41.46 N-pyridinium N-oxide is usually added to avoid 
. formation of unreactive complex dimers.47 This effect was demonstrated by 
8 
J acobsen' s latest salen complex, in which the additive was introduced intramoleculery 
as part of the ligand structure.48 
31, oxidant 
Co-oxIdant 
DCM 
Scheme 10 
The mechanism of this reaction is still the subject of intensive debate. Substrate 
, isomerization occurs in which a c;is"alkene affords both eis. and trans-epoxides, 
related to bond rotation during the formation of radical intermediate (32) (Scheme 
11). A recent finding by Adam and Seebach relate a concerted Lewis-acid-activated 
oxygen transfer competing with a stepwise epoxidation by the established oxo-Mn(V) 
salen species,49' the extent of which depends on the alkene substrate, oxygen donor 
and the counter-ion of the catalyst.49 0 
(h ~ [&~Phl 01h + o({ ~ C<±> IN < Ph CBD " Ph Ph 
32 
" Scheme 11 
The Jacobsen catalyst affords a varying degree of substrate specificity, for example 
tetrasubstituted40d and acyclic trans-alkenes5o tend to give lower ees than 
trisubstituted and aryl 0lefins.4oc Related research continues in areas including 
syntheses of new ligands,51 utilizing different transition metals,52 and generation of 
polymeric and dimeric versions. 53 
1.3.5 Katsuki's epoxidation complex; 
The first report by Katsuki came shortly before J acobsen' s publication. The main 
difference lies in the introduction of two extra stereo genic axes at the C-3 and C-3' 
positions of the aryl groups, in place of J acobsen' s bulky tertiary alkyl groups. 
Complexes such as (33) generally displayed lower asymmetric induction than 
9 
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Jacobsen catalyst, but higher selectivities have been observed for some alkene 
. substrates.s4 
MeO OMe 
MeO OMe 
. Similar attention, but to a less extent, has been focused around developing chemistry 
related to Katsuki-type salen Mn complexes,.as a recent example, Smith and Liu 
reported a singly-bound supported Katsuki-type complex which displayed good 
stability, high selectivity and recovery. 55 
Most methods of asymmetric epoxidation of electron-deficient alkenes such as Ct,~­
enones are asymmetric variants of the Wietz-Scheffer epoxidation56 using alkaline 
HzOz.57 Ct,~-Unsaturated keton~s display multi-range chemical uses as chiral building 
blocks in organic synthesis, as discussed in a recent review by Laurel. 58 
1.3.6 Chiralligand-metal peroxide systems for enones. 
Several methods for the asymmetric epoxidation of electron-deficient alkenes 
(Scheme 12) rely on metal-bound chiralligands such as chiral polybinaphthylligands 
(34) and (35) reported by both the Enders59 and Pu60 groups, utilizing diethyl zinc 
and oxygen or TBHP as the stoichiometric oxidant for the epoxidation of chalcone 
derivatives (36) with high yields and from moderate ees to ees as high as 90%. 
36 
Scheme 12 
10 
35, Pu 
Jackson found that (+)-DET is an effective ligand for the epoxidation of cha1cone-
type enones, when used in combination with dibutyImagnesium and TBHP in 
toluene.61 The epoxide of chalcone (37) (Scheme 13) was afforded in 61 % yield with 
94% ee. By exchanging DET with L-(+)-di-tert-butyl tartrate and with the addition of 
4AMS, Jackson was able to modify the system into a catalytic one (10 mol%) and 
obtain a range of 71-93% ees with aliphatic enones.62 
o 
Ph~Ph 
37 
TBHP (1.50 eq) 
BU2Mg (O.10 eq) 
(+)·DET (0.11 eq) 
Scheme 13 
Shibasaki has developed a catalytic asymmetric epoxidation system involving La-(R)-
BINOL-Ph3As=O in a (1: 1: I) ratio.63 This generated the active complex (38) (Scheme 
14) which was effective for epoxidation of several trans- and eis-enones with 
excellent yields and ees as high as 99%, using 1-5 mol% catalyst loadings. The 
complex was a result of investigation of an extensive series oflanthanide complexes, 
and exhibits a broad generality in the synthesis of epoxyketones, therefore providing a 
versatile methodology complementing the. Julili epoxidation. The Julili system is 
discussed in section 1.3.8. 
38 
= (R)·SINOl 
Scheme 14 
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1.3.7 Phase-transfer catalysis for the asymmetric epoxidation of enones. 
PTC was originally devised for the transport of inorganic ions into an organic phase, 
using an organic salt such as a quaternary ammonium salt. Cinchona alkaloids are the 
most widely used class of common PTCs for the asymmetric Wietz-Scheffer 
epoxidation. The stoichiometric oxidant is usually aqueous hydrogen peroxide, TBHP 
or NaOCI. 
. . 
Lygo reported the use of alkaloid (39) with 1 mol% loading and 2 equivalents of 
NaOCl, as the oxidant, in toluene at room temperature with reaction times 24-48 h, to 
afford excellent yields and ees. For example in the case of chalcone (37), 98% yield 
with 86% ee was obtained.64 More recently Adam reported theenantioselective 
epoxidation of isofIavone (42) (Scheme 15) with 97% yield and 98% ee using a 
cinchonine-derived PTC (40) at 10 rnol% loading under asymmetric Wietz-Scheffer 
conditions. When the catalyst loading was dropped to 1 rnol%, the ee obtained was 
95% with 97% yield.6s Arai reported the optimization of the reaction by using 5 mol% 
of PTe (41) in dibutyl ether with lithium hydroxide as the base and 30% hydrogen 
peroxide as the oxidant. A range of ees as high as 92% were obtained for the 
epoxidation of trans- and cis-enones.66 
woo :1 1 "" 1 . MeD. h.C' 
42 
KOH. PTC39 
T~uen"'H,O 
0_25 ·C, 20h 
Scheme 15 
Me 
. The mechanism of the PTe asymmetric epoxidation involves the activation of the 
catalytic chiral quaternary ammonium salt (~N'Xl (Scheme 16) by a mild and 
inexpensive oxidant, such as H20 2, into the ammonium hydrogen peroxide species 
(~N ""OOH). The epoxidation of the enones is accomplished in the aqueous medium 
12 
I. 
I 
, 
to afford the epoxide product through a 1,4-addition followed by cyclization, with 
water as the side product. 66 
Chiral PTe, oxidant 
( \ 
R.,N+·OOH O+-OH 
Organic Phase 
...;.--------+--~~~~~------ Interface 
Aqueous Phase MX RtN+: quaternary ammonium salt 
H20 H,o, M; Metal 
X: Halide 
MOOH ~ ) MOH 
Scheme 16 
The potential advantages of this methodology inclucle low cost of hydrogen peroxide, 
the production of environmentally benign water side-product, and the low cost of 
catalyst loading. 
1.3.8 Julia-Colonna polyamino acid catalysed epoxidation. 
In 1980 Juliilreported the enantioselective epoxidation of chalcone (37) in 97% ee.67 
This was achieved in a triphasic system consisting of insoluble polY-L-alanine in an 
aqueous solution of sodium hydroxide, with H202 as the oxidizing agent. The lack of 
solubility of the catalyst allowed simple separation and recycling, but upon reuse, 
. reduced enantioselectivities were observed. This has been explained to be due to 
catalyst degradation under basIC conditions, and it has been shown that the chain 
length required for high enantioselectivity should consist of a minimum of 10 to 30 
amino acid residues.68 
The reaction time required for the epoxidation to occur for reactive substrates such as 
chalcone is 24 h and this limited the applicability of this system until reports by 
Roberts introduced a biphasic reaction system, which reduced the reaction time to 30 
minutes for chalcone. This was achieved by changing the oxidant to urea-H20 2 .and 
the base to DBU, both of which are soluble in organic solvent THF, thus eliminating 
the need for an aqueous· phase. Roberts also reported POlY-L-leucine as a more· 
selective catalyst to replace poly-L-alanine. 69 
Due to the cost of urea-H20 2-DBU system, attempts to use sub-stoichiometric 
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quantities of oxidant and base were unsuccessful, thus new conditions were 
developed, where sodium percarbonate was used as both the oxidant and base in 
DME-water solvent.7o The P01Y-L-leucine catalyst remained insoluble in this system. 
Recently, the first homogeneous version of the Julia-Colonna epoxidation was 
reported, however, at the expense of conversion (chalcone conversion was 39% after 
1 hand 80% after 24 h), but the ees remained between 95-98%.71 The homogeneous 
system was developed in a continuously operated chemzyme membrane reactor, 
therefore overcoming the issues of catalyst recovery and reducing catalyst cost.72 
Nanofiltration membranes achieved catalyst retention, and a drop in the selectivity 
after the 25th residence time was corrected by adding freshly prepared urea-H202. 
There has been much speCUlation about the' mechanism, of the asymmetric. induction, 
including the original reports by Juliil and Colonna68 that a-helical regular 
conformations are formed when the length of the catalyst is increased. The proportion 
of the catalyst with favourable intramolecular hydrogen bonding interactions also 
increases, apparently leading to higher selectivity. This was demonstrated by the 
group of Ohkata, which reported the synthesis of soluble oligo-L-leucines (43) 
(Scheme 17) containing an a-aminoisobutyric acid (Aib) residue by controlled 
stepwise elongation and fragment methods.73 
0ligo-t..-leucine 43 
Urea-H20 2• DBU 
THF, 25 ·C, 24 ti 
o 
119.. ' 
Ph~Ph 
73% yield. 94% ea 
43 = Boc-L-Leua-Aib-L-Leu6-0Bz 
HO~ 
NH, 
L-Ieucine 
HOyO 
H,Ni 
a-aminolsobutyric acid (Alb) 
Scheme 17 
'The use of Aib residue in the mid-section of the oligo-L-leucine chains pro~otes helix 
formation and greatly improves the solubility of the oligomers in organic solvents.74 
In the epoxidation of chalcone (37) using oligo-L-leucine (43), a yield of73% with an 
ee of 94% was obtained, compared to the oligo-L-leucine version of (43), containing 
four leucine residues on either side of the Aib unit, which afforded 50% yield with 
14 
61% ee. 
The relationship between the influence of the polypeptide primary structure on its 
activity as an asymmetric epoxidation catalyst is an on-going topic aided by the use of 
automated peptide synthesisers. All efforts are currently aimed at the N-terminal 
region, which is believed to hold th~ key for explaining the stereocontrol exhibited by 
these catalysts.75 
Chiral epoxides can be prepared by either enantioselective oxidation of an olefin 
double bond (route a) (Scheme 18) or by enantioselective alkylidenation of a prochiral 
carbonyl bond by an ylid, a carbene or through a Darzens reaction (route b ).76 
[oJ + 
Scheme 18 
1.3~9 Chiral sulphur ylids in asymmetric epoxide formation. 
The first report of a reaction between sulphur ylids and carbonyl compounds was by 
10hnson in 1961.77 This involved the nucleophilic attack by the sulphonium ylid (45) 
(Scheme 19) generated from the deprotonation of the sulphonium salt (44), on the 
electrophilic aldehyde carbon atom to generate an alkoxide (46). Intramolecular ring 
closure by the alkoxide and expulsion of the sulphide afforded the epoxide. 
45 48 
Scheme 19 
The first attempt to utilize a chiral sulphonium ylid was carried out by Trost in 1973, 
but generated racemic epoxides.78 Furukawa found the first successful method by 
generating the sulphonium ylid (47) in situ from a sulphide derived from (+ )-CSA and 
benzyl bromide, which afforded trans-stilbene oxide with 47% ee.79 The low ee was 
15 
related to formation of diastereoisomeric sulphonium ylids by the non-selective 
benzylation. Durst reported trans-stilbene oxide with 38% yield and 96% ee using 
(+)-camphoric acid-derived sulphonium ylid (48) under PTC conditions.8o Solladie-
Cavallo reported the first diastereospecific ylid (49) formation, derived from chiral 
1,3-oxathiane, which afforded trans-stilbene. oxide with greater than 98% ee. The 
same group also applied this system to formaldehyde, thus obtaining chiral terminal 
mono-substituted epoxides.81 
47 48 
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Metzner utilized C2-sYmmetric sulphide (2R,5R)-2,5-di(m)ethylthiolane (50) and (51) 
(Scheme 20) for the one-pot asymmetric conversions of aldehydes into chiral trans-
. epo~ides with 87-92% yields, 30-95% des and 86-96% ees. Recently·this group 
developed a catalytic cycle uSing 0.1 equIvalent of the sulphide, but the reaction times 
were in the range of 4 to 6 days.82 
ArCHO + PhcH;er + RIII"CA 5 R 
50: R=Me 
51: R=E! 
NaOH 
eu/OH/HaC> 
9:1 
Scheme 20 
The breakthrough was achieved by Dai who succeeded in producing the first catalytic 
sulphur ylid-mediated epoxidation.83 D-(+)-camphor was the source of a set of chiral 
sulphides, with (52) (Scheme 21) being the most successful in producing p-chloro-
trans-stilbene oxide in 96% yield with 77% ee in a stoichiometric reaction at room 
temperature for 30 h; while the catalytic version afforded the same epoxide in 93% 
yield and 60% ee, using 0.2 equivalent of the sulphide at room temperature for 15 h. 
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Scheme 21 
The addition of silver salts increased the rate of reaction by enhancing the 
· electrophiIicity of the benzyl bromide,8!. All the previous chemistry is based on the 
· alkylation' of the sulphide, followed by the deprotonation of the' sulphide salt. 
Aggarwal advanced the sulphur ylid catalytic reaction by applying direct coupling of 
· a sulphide with a metal carbenoid (usually rhodium or copper) which provides the 
yIid directly in one step, This was achieved by combining two catalytic processes and 
the generation of the tosylhydrazone salt in one-pot. Aryldiazomethane (53) (Scheme 
22) was generated in situ, under PTe conditions, from tosyJhydrazone salt (54), (53) 
reacted with the metal complex (55) to afford the metal carbenoid (56), (56) reacted 
with the chiral sulphide (57) to afford trans-epoxides with excellent ees,84 
RCHO 
85-94% ea 
Rh,(OAc), 
55 
[Rh]=CHR' . 
56 
57, (20 mol%) 
Scheme 22 
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Further research is being carried out to develop other chiral sulphides.8s This system 
has been applied to generate stable ferrocenyl epoxides with ees as high as 95% for 
the preparation of new chiral auxiliaries or ligands.86 The mechanism of this reaction 
is under investigation and computer assisted studies show that the addition of the ylid 
to the aldehyde generating the anti-betaine is the rate-determining step leading to the 
trans-epoxide (Scheme 23).87 
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eis-stilbene oxide @SMe, 
Syn-betaine 
PhCHO 
+ 
-R2~Ph 
Scheme 23 
e 0 
~Ph P , 
@SMe, 
Anti-betaine 
Fast o 
pr·"'Ph 
Trans-stilbene oxide 
The asymmetric sulphur yHd method is limited to benzylidine transfer to aromatic 
aldehydes and provides an excellent route to trans-stilbenes with high yields and high. 
enantioselecti vities. Therefore, chiral epoxides from carbonyl compounds represent an 
alternative course to the traditional epoxidation for organic chemists, but not in the 
case of aliphatic epoxides. 
In the next sections, focus will be targeted at purely organocatalytic routes such as a 
novel process for the asymmetric epoxidation of simple alkenes reported by 
Aggarwal's groUp.88 By screening a range of amines with NaHC03-buffered Oxone™ 
in MeCNIH20 solvent, epoxidation of l-phenylcyclohexene was achieved using 1 
equivalent of secondary or tertiary amines. Pyrrolidine was found to be the best, but 
upon lowering the loadings to 10 and 5 mol%, hydrolysis of the epoxide occurred; 
this was rectified by the addition of 0.5 equivalent of pyridine. Using chiral (S)-2-
(diphenylmethyl)pyrrolidine, (58) (Scheme 24), I-phenylcyclohexene oxide was 
afforded in 96% yield with 57% ee as the highest selectivity obtained. 
W Ph(5mol%) 
H Ph 58 
Pyrldine (0.5 eq) 
Oxone™ (2 eq) 
NaHCO, (10 eq) 
MeCN/H:zO (95:5) 
Scheme 24 
Aggarwal proposed a mechanism for this reaction, whereby the amine (59) (Scheme 
18 
· 25) was oxidized to the radical cation (60), which in turn oxidized the olefin to the 
radical cation (61). Oxone™ converted (61) to the epoxide product. This mechanism 
has not been proven yet, and no further work relating this process has been reported 
since. 
w...R N 
59 H 
auto-I 0, decompostion 
Scheme 25 
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1.3.1 0 Chiral dioxiranes as catalysts for asymmetric epoxidation. 
Dioxiranes are three-membered ring systems consisting a carbon and two oxygen 
atoms. Dioxiranes can be generated from ketones reacting in situ with Oxone™, and 
are a powerful class of oxidants (Scheme 26). 
Scheme 26 
In 1984, Curci reported the first example of asymmetric epoxidation mediated by a 
chiral dioxirane, derived from readily availble ketone (62) and (63) which afforded 
upto 12% ee with I-methyl-l-cyc1ohexene as the substrate in a biphasic mixture of 
DCMlH20 buffered to pH 7-8, with Bt4NHS04 as a PTe. In 1995, electron-deficient 
ketones (64) and (65) were reported by the same group to be more reactive, but only 
moderate enhancements in enantioselectivity were achieved when these ketones were 
used as dioxirane precursors (13-20% ee).89 
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In the same year, Marples reported a new class of electron-deficient fluorine. C2-
substituted chiral ketones (66-69), however when used as dioxirane precursors, the 
epoxide products displayed no enantioselectivity,90 
o 
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The group also reported the use of 2,2,2-trifluoroacetophenone (TF AP)/Oxone™ as a . 
reagent for the epoxidation of alkenes with good to excellent yields, for examples the 
case of trans-stilbene 98% yield was obtained in a period of 24 h. In the case of the 
allylic alcohols, (TF AP)/Oxone™ afforded higher ratios of trans-epoxide compared to 
the DMDO/Oxone™ system_91 
In 1996, Yang described a highly enantioselective dioxirane-mediated epoxidation 
protocol utilizing a Cz-symmetric BINAP-derived a,a'-diacyloxy ketone (70) (X=H) 
in monophasic epoxidation conditions. Enantiomeric· excesses up to 87% were 
obtained, with biphenylene (71), while stilbene afforded 47% and 1-
phenylcyclohexene only 18% (Scheme 27). 
~.Ph '7[ ~ :,.. [ p ~ 71 
(-)-70 (0.1 eq) 
Oxone™ (5.0 eq) 
NaHCO, (15.5 eq) 
. MeCNIH,O. 0 ·C 
80% 
Scheme 27 
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By modifying the X-groups at H-3 and H-3', higher enantioselectivities were 
obtained, as demonstrated by the epoxidation of trans-stilbene with the ketone bearing 
disubstituted six-membered ketal rings (72), which added four inductively 
withdrawing oxygen atoms as well as steric bulk, thus enhancing the carbonyl 
activation and dioxirane selectivity to 93% yield and 84% ee, when carried out at 0 
°C.92 
Several other chiral ketones were reported by Song (73) and (74) again with oxygen 
. atoms at the l3-positions to the carbonyl group. But these proved to be less selective; 
the ees did not exceed 53% for the epoxidation of trans-stilbene with 1 e'luivalent of· 
catalyst (73).93 Adam reported.chiral ketones (75) and (76) derived from mannitol and 
, 
tartaric acid respectively. Their reactivity as epoxidation catalysts was similar to 
Song's ketones. Ketone (76) afforded ees up to 65% with irans-stilbene oxide and 
81 % with triphenylethylene oxide.94 . 
I ~ " 0 0 ,""'0 0 '><0 "'X~>o 
..-- . 0 Ph Ph 
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Denmark reported the synthesis of a highly active and selective C2-symmetric seven-
membered cyclic chiral difluoro ketone (77) having the biphenyl rings anchored by 
the two methyl groups at H6 and H6'. Again the carbonyl group reactivity was 
enhanced by the activating a-fluoro groups. Using 30 mol% of ketone (77), trans-
stilbene oxide was afforded with 94% ee and I-phenylcyclohexene oxide with 59%' 
ee. This group has also worked on ammonium salt ketones of which (78) was the most 
successful, due to its good solubility in the biphasic solvent system and the a-fluoro 
electronic activation. 58% ee was obtained for trans-stilbene epoxidation.95 
Gl e ~:Tf o 
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77 76 
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In 1998, Annstrong reported a-fluoro-N-ethoxycarbonyl tropinone (79) as a highly 
reactive and selective catalyst, giving 83% ee for the epoxidation of 
triphenylethylene, 76% ee for trans-stilbene and 69% ee for I-phenylcyclohexene.96 
This ketone (79) is stable to the Baeyer-Villiger reaction and was used in catalytic 
loadings ofless than 10 mol%. This led to the synthesis of novel bicyclo[3.2.1]octan-
3-one catalyst (SO) which displayed high ees, but is yet to be prepared in the 
enanticimerically pure form.97 
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In 1996, Shi reported the use of D-fructose-derived ketone (81) (Scheme 28).98 The 
success of this ketone arises from the close proximity of both of the stei'eogenic 
centers to the reacting center, thereby controlling the approach of the olefin to the 
dioxirane moiety. By utilizing oxygen fused-rings, inductive electron-withdrawing 
activation of the carbonyl group was achieved. This was necessary in order to carry 
out the epoxidation at pH greater than 10, thereby achieving a balance between the 
loss of ketone through the Baeyer-ViIIiger . reaction at low. pH with the 
autodecomposition of Oxone™ at high pH. 
ro~.~"r· 
HO"'··~OH 
OH 
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Excellent emmtioselectivities were obtained for a variety of unfunctionaIized trans-
and trisubstituted aryl olefins, for example, 98% ee for trans-stiIbene, 98% ee for 1-
phenylcyclohexene and 97% ee for triphenylethylene. However, low ees were 
obtained for cis-disubstituted and terminal alkenes. 
Shi reported pseudo C2-symmetric ketone (S2) derived from (-)~quinic acid, used in 
catalytic quantities (5-10 mol%), afforded good reactivity and selectivity with a range 
22 
of simple alkenes, electron-deficient olefins and enones.99 
Shi also reported the use of H202 as the stoichiometric oxidant. This system requires 
the use of acetonitrile as the solvent, suggesting that the peroxyimidic acid (Scheme 
·29), may be the active oxidant for generating the dioxirane. High yields and ees were 
obtained in the epoxidation of a number of olefins. loo 
.H,o., . 81 . [ NH 1 . 
MeCN- HOO~ -
o-p 0 
~/ + )lNH2 
Scheme 29 
The asymmetric epoxidation of terminal and eis-olefins in high ee required the 
synthesis of a nitrogen analogue of (81). Ketone (83), used at 15 mol% loading in 
DME-DMM solution at -10 cC, afforded (IR,2s)-cis-~-methYlstyrene oxide in 87% 
yield with 91 %ee, while styrene oxide was obtained in 92% yield with 81 % ee .. By 
introducing this chiral 2,2-dimethyl oxazolidine group, a complementary ketone had 
thus been synthesised to cover a broad range of alkene epoxidation reactions.lol 
The Baeyer-Villiger oxidation as an unwanted side reaction remains a problematic 
issue for these chiral ketone-derived dioxirane systems. Song reported one solution, 
whereby trifluoromethyl ketone catalyst (84) was bound to a silica gel solid support. 
High turnover numbers Were maintained for up to ten runs. The potential use of chiral 
ketones is yet to be addressed.102 
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1.3.11 Oxaziridines as chiral reagents for asymmetric epoxidation .. 
Oxaziridines are tricyc1ic rings containing carbon, nitrogen and oxygen atoms. These 
systems have been studied by Davis,103 our own group I 04, and others, for the oxidation 
of sulphides to sulphoxides with excellent enmtioselectivities. 
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These systems were ho ver found to be less successful with the less potent 
nucleophilic alkene subst 'so Yang utilized a cis-N-sulphonyl-oxaziridine (95) for 
the epoxidation of both simple and functionalized oletins in moderate to good 
yields. lOs (95) was generated in situ by combining' chloramine-M (91, 1.1 eq), 
benzaldehyde (90, 4.0 eq) and berizyltriethyl ammonium chloride BTEAC (1.0 eq) in 
MeCN at room temperature (Scheme 30). 
cf3 + PtV>(~N:'::;'\" ~, NoReactlon . H, .. so,CH, 
. 94 . 
Scheme 30 
Yang suggested that the intramolecular SN2-Iike displacement of (92) and (93) would 
. . . 
generate trans-N-sulphonyl!Jxaziridine (94) and cis-N-sulphonyloxaziridine (95) 
respectively. Upon cllI'rYing out the epoxidation reaction with trans-N-
sulphonyloxaziridine (94), prepared according to Davis method,106 (94) was not 
destroyed after 72 h, and. the possibility of (94) as the oxidant for the in situ 
'. -
epoxidation of trans-stilbene was thus excluded. (95) has not been isolated or detected 
and was assumed to be responsible for the oxygen transfer reaction. 
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1.3.12 Oxaziridinium salts as catalysts for asymmetric epoxidation. 
Oxaziridinium salts are analogues of oxaziridines, with a quaternized nitrogen atom, 
which causes them to act as more electrophilic oxygen sources for various 
nucleophilic substrates. 
The existence of an oxaziridinium species was first proposed as a result of the 
peroxyacid oxidation of a steroidal pyrrolinic iminium salt (96).107 
8 FSo, eh 
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These species were further investigated by Lusinchi with the aim to explore their 
nature as electrophilic oxygen sources with nucleophilic substances such as alkenes 
and sulphides (Scheme 31). 
,..,~ •• 
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N-Methyl-3,4-dihydroisoquinolinium tetrafluoroborate (97)108 was chosen as the 
model iminium salt to carry out structural studies and was used in a catalytic cycle 
with Oxone ™ as oxidant for oxygen-transfer reactions to thioethers and 
unfunctionalized oleflns in a mild alkaline medium. 109 
CC1'~F4 
(t)' 
. 97 
In 1993, the first chiral iminium oxaziridinium salt (98) was prepared in five steps 
from (lS,2R)-(+)-norephedrine. The structure was established by X-ray 
crystallography, in which the oxaziridine is axially oriented. Initial reaction with 5 
mol% of (98) -generatea- in-situ from 2 equivalents of- Oxone™,_ and_ using 3 
equivalents of NaHC03 in MeCNIH20 (30:1) at room temperature for 12 h with' 
trans-stilbene as the alkene substrate afforded the epoxide with 92% conversion, 79% 
25 
yield and 33% ee. llo 
Catalyst (98) was successful in oxygen transfer to allylic alcohols, but only moderate 
reactivity was observed with et,p-unsaturated ketones, while deactivated double bonds 
and carbonyls were unreactive. Carrying out the reaction at-32 QC in DCM with 1 
equivalent of (98), pre-generated by MCPBA oxidation, trans-stilbene was oxidized 
in 48 h with 89% conversion, 57% yield, 61 % ee and this is currently the best result 
reported by Lusinchi group. I I I 
The issue of competing irreversible base-catalysed isomerization (Scheme 32) was 
addressed by Bohe. The et-proton to the nitrogen atom in (99) is abstracted to give the 
et-hydroxy-iminium sait, which upon dehydration will lead to the isoquinolinium salt 
(I 00). This was shown by the synthesis of gem-dimethyl disubstituted iminium salt 
(101). The epoxidation of trans-stilbene, using similar reaction conditions of 5 mol% 
catalyst loadings, 1 equivalent of Oxone™ and 4 equivalents of NaHC03 in 
MeCNIH20 at room temperature. With catalyst (97) complete conversion was 
afforded with 83% yield in 16 h, while catalyst (6) afforded complete conversion with 
87% yield in 7 h. Therefore, improving the catalyst turnover. I 12 , 
Scheme 32 
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Aggarwal reported the preparation and use ofaBINAP"based catalyst-(102). Use of ____ _ 
this catalyst at 5 mol%, with 1 equivalent of Ox one'" and 4 equivalents ofNaHC03 in 
MeCNIH20 at room temperature afforded I-phenylcyclohexene oxide with 71% ee 
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and trans-stilbene oxide with 31 % ee. ll3 
Annstrong reported high regio- and stereos elective epoxidation of non-conjugated 
diene (103) via the oxaziridinium species in an intramolecular reaction (Scheme 33). 
H ~ 
103 104 
Scheme 33 
1.MeOTf, DeM, 0 ·c 
2.NaHCO, .... 48% ~ 
. 0 
105 
The aldimine generated from the condensation of (1 03) With benzylamine was chosen 
to ensure high EIZ-selectivity during the imine formation. This route also allows for 
the use of chiral amines in search of enantioselectivity .. The oxaziridine (104) was 
formed by use of 0.6 equivalent of Oxcine™ to avoid over-oxidation. Quaternization 
of the oxaziridineby N-alkylation with methyl trifluoromethanesulphonate led to the 
intramolecular epoxidation reaction. Base hydrolysis of imine afforded the epoxide 
product (105) in moderate to good yields. 
Enantioselective intramolecular epoxidation required the separation of the 
diastereomeric oxaziridines (106) and (107) by repeated column chromatography 
prior to the epoxidation reaction (Scheme 34). The enantioselectivities obtained were 
similar to the des of the oxaziridines, suggesting a high degree of asymmetric 
. induction. Reduction of (108) and (109) followed by benzylation to afford products 
(11 0) and (111) allowed the separation of both sets of enantiomers by chiral HPLC. 
When the alkyl tether, separating the. aldehyde and alkene funtionalities, exceeded 
three carbon units a drop in the selectivity was observed. 1 14 
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Furthennore, Armstrong was also the first to explore the generation and use as 
epoxidation catalysts of exocyclic iminium salts. These saIis were generated by 
intennolecular condensation of N-trimethylsilyl pyrrolidine (112) (Scheme 35) with 
various substituted aromatic aldehydes (113),. in the presence oftrimethylsilyl triflate 
(114) in anhydrous diethyl ether. Armstrong reported that ortho-trifluoromethyl 
compound (115) catalysed the epoxidation of a range of non-functionalized alkenes 
with 10 mol% loading, 2 equivalents of Oxone™ and 4 equivalents of NaHC03 in 
MeCNIH20 solvent with reaction time of 4 h at room temperature, after which these 
iminiumtriflate salts had decomposed by hydrolysis. This was the main reason for the 
failure to synthesise chiral versions of these catalysts (Scheme 36), llS 
TMS ..... @ 
o ''0 N. H -...::::: TMS" '. ~ 1 -):i 
. x 
114 113 112 
TMSlQ0 TMS e 
TIO 
. H ~ 
-- 6 1 -):ix + TMS ........... TMS o 
Scheme3S 
115,10 mol% 
Oxon.™ (2 eq) 
P~ NaHCO, (4 eq) 
. '--\ph MeCNlH,O (99.6:0.4) 
rt, 4 h, 89% 
P~ 
Ph 
Scheme 36 
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On similar note, Komatsu reported that the ketiminium salt derived from pyrroIidine 
and cyclohexanone effected the epoxidation of a range of olefins using 10 mol% 
catalyst loading, 1 equivalent of Oxone'" and 4 equivalents of NaHC03 in 
MeCN/EhO solvent with reaction time of 4 h at 25°C. A chiral version (116) was 
synthesised by using L-proline, which afforded 39% ee of the epoxide of cinnamyl 
alcohol (Scheme 37).116 
118,10 mol% 
OxoneT• (1 eq) 
NaHCo, (4 eq) /9 
Ph~OH ------ P~OH 
MeCNIH:zO (96,7:1.3) (R,R) 
25 ·c, 16 h, 79% 
Scheme 37 
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OH ,0, SF, ~=O 
y ang r~orted the in situ generation of chiral iminium salts, carried out by the 
condensation of a secondary amine with either an aldehyde or a ketone. This method 
allowed the screening of various iminium salts, under mild acidic conditions, without 
,the need for prior preparation and purification. Amine (117) and aldehyde (119), for 
example, gave good conversions at 20-50 mol% catalyst loading, 2.5 equivalents of 
Oxone™, 10 equivalents ofNaHC03 in MeCNIH20 (91:9) solvent ratio, and afforded 
ees in the range of 17 to 59% with various olefins. The best result was obtained by 
using stoichiometric amounts of amine (118) and aldehyde (119), which afforded 
trans-stilbene oxide with 65%'ee.1I7 , 
117 118 119 
Our group's approach was based on cyclic chiral iminium salts containing the 
asymmetric centers in an exocycIic substituent on the iminium nitrogen, thereby 
creating a chiral environment around the iminium bond, which is the site of reaction. 
(-)-IPC catalyst (120) was effective at catalyst loadings as low as 0.5 mol%, with 2 
equivalents of Ox on eT M, 4 equivalents ofNaHC03 in MeCNIH20 (1:1) solvent ratio. 
The reaction was carried out at 0 °C, and afforded I-phenylcyclohexene oxide with 
40% ee.1I8 
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1.4 Conclusions and research project design 
Ail introduction to the successful chemical methods for asymmetric epoxidation has 
been presented with particular attention focused on the latest developments in these 
fields. These methodologies generally are either a metal or non-metal 
(organocatalytic) mediated reactions. Asymmetric epoxidation utilizing biological 
systems has also been achieved, 119 but this is beyond the scope ~f this discussion. 
Extensive research in the area of asymmetric epoxidation was initiated by Sharpless's 
revolutionary discovery, but it was not until recently that a system applicable to all 
types of olefins started to emerge. For example, the SAE is applicable only to allylic 
alcohols, The I acobsenlKatsuki systems is best for eis-aryl alkenes, both the 
Shibasaki system and the lulia-Colonna process for enones, while the sulphur ylid 
method is successful for trans-stilbene oxides and closely related products. Shi's 
dioxirane system surfaced as our research began in the field of. organocatalysed 
epoxidation, and stands as the most diverse asymmetric alkene epoxidation system to 
date. 
Based on our previous success in asymmetric catalytic oxygen transfer reactions, 
further investigation in developing the newly established oxaziridinium salts as an 
asymmetric oxygen transfer system is presented in the following chapter. 
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Chapter two 
Results and Discussion 
---- -- --
2.1 Previous Page group iminium salts research work 
The use of oxaziridinium species in the oxidation of simple alkenes has received 
much attention over the past few years since Hanquet and Lusinchi first reported this 
reaction in 1976.10 During the past seven years, our group, among others, has been 
involved in many of the findings regarding this research. The aim of the initial 
research was to screen various chiral amines and to establish epoxidation reaction 
conditions. The project achieved its target and in turn initiated the second phase, 
based on two key catalyst structures (1) and (2), of further developing these catalysts 
and the reaction as a whole . 
. ---1 / , e ~ro 
1 
The first catalyst (1), derived from (-)-!PC, was. discovered as the result of a screen of 
chiral amines that balanced between steric bulk leading to high enantioselectivity and 
good epoxidation reaction rate.2 
~NH, 
4 
8 9 10 11 
. 2.2 Catalyth; oxidation conditions 
Reaction conditions (Scheme 1) were established using the (-)-!PC catalyst (1) by 
previous group members. These same reaction conditions were then used for other 
catalysts. 
Cat. (0.5-10 mol%) 
Oxon.m (2 ~). Na,CO,. (4 eq) 
MeCNI H,O (1:1). 0 ·C. 2 h 
Scheme 1 
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2.2.1 Stoichiometric oxidant. 
Oxone™ is a commercially available oxidant with a formula 2KHSOs.KHS04.K2S04• 
It is water soluble (250 mglml at 20 °C),and a 1 % solution has a pH of 2.3 at 25°C. 
Its disadvantages include poor stability at pH 9 (basic conditions are required to 
prevent background epoxidation in this system). In addition, it has poor solubility in 
organic solvents,3 
2.2.2 Solvent. 
Various solvents were tested by our group; methanol gave low solubility of both 
Oxone™ and the tetraphenylborate iminium salt, while DCM and MeCN both 
dissolved the catalyst but not the oxidant. Therefore, a mixed system was used, where 
the stoichiometric oxidant was in aqueous solution, and both the substrate and catalyst 
were in an organic one. The reaction in DCM was kinetically ineffective due to low 
reactivity of the (-)-IPC catalyst (1) in DCM and the low miscibility of DCM and 
H20. MeCN was found as the optimum organic co-solvent.4 
2.2.3 Temperature. 
We carried out the reaction at no lower than 0 ~C due to the freezing point of H20. 
The MeCN/J,hO biphasic mixture froze at -10°C. A precipitate of the salts was 
observed at 0 °C, making this into a triphasic system.4 
2.2.4 Background reaction. 
Oxone™ transfers oxygen to alkene substrates at low pH. Adding a suitable base 
increases the pH of the mixture, thus diminishing any background oxidation for up to 
8 h at the expense of Oxone™ stability. 
2.2.5 Epoxidation test reaction, concentration and catalyst loading. 
The substrate of choice for testing our epoxidation was I-pheny1cyclohexene. We· 
. used MeCN/J,hO (1:1) as solvent at a temperature of 0 °C, with 2 equivalents of 
Oxone™ and 4 equivalents of sodium carbonate. Working at 2 molar concentration, a 
. blank reaction with no catalyst exhibited no oxidation over 8 h. Higher base levels (6 
eq of-base) had a detrimental effect on the conversion due to decomposition of 
Oxone™. ReduCing the amount of Oxone™ to 1 equivalent also displayed lower 
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conversions. A catalyst loading of 0.5-10 mol% was successful in inducing complete 
conversion of I-phenylcyclohexene within 15-20 min for a 5 mol% loading and 1 h 
for a 0.5 mol% loading.4 
2.3 Mechanistic analysis 
The catalytic asymmetric epoxidation of simple alkenes is thought to proceed through 
the proposed mechanism depicted in Scheme 2. It illustrates the two parameters 
controlling the selectivity. First, the generation of the oxaziridinium species by 
nucleophilic attack, probably reversible, of persulphate on either the Re or Si faces of 
the iminium bond to give initial adducts (12) and (13) uncharged at nitrogen .. 
Irreversible expulsion of sUlphate follows to give oxaziridinium species (14) and (15), 
which we believe to be the rate-determining step under our reaction conditions. 
Secondly, the oxygen is transferred to the alkene substrate in a fast, 
enantiodetermining step. 
CQ~R. 
o 
14 
-sol-
-
! KHSO. 
CQ + CO·"" . ~ I "" N "" N, . ..... R.. k R" 
12 0050, 13 5050, 15 
Scheme 2 
Unfortunately it is not possible to isolate the active oxaziridinium intermediate due to 
its high reactivity and instability. It is therefore, not possible to determine whether one 
or both of the two possible oxaziridinium enantiomers (14) and (15) are being 
generated in this system. The structure of the iminium salt may control both the 
stereochemistry of the oxaziridinium salt formation, and the subsequent oxygen 
. delivery to one of the prochiral faces of the alkene substrate.4 
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2.4 Catalytic asymmetric aqueous epoxidation conditions 
2.4.1 Effect of counter-ion. 
The (-)-IPC catalyst (1) was prepared with vanous different counter-ions as 
crystalline salts. These included tetraphenylborate, tetrafiuoroborate, 
hexafluorophosphate, perchlorate and periodate. Tests were carried out under our 
. standard aqueous epoxidation conditions for I-phenylcyclohexene, with 5 mol% 
catalyst loading, in 1:1 ratio ofMeCN/l:hO solvent in the presence of2 equivalents of 
Oxone™ and 4 equivalents of sodium carbonate at 0 cC.· The tetraphenylborate 
counter-ion demonstrated to be the most suitable by producing 40% ee, compared to 
35% ee for the periodate salt, while only 28% ee was obtained by the fluoride 
containing counter-ions and 20% ee for the perchlorate version. All salts displayed the 
same reactivity, and all reactions were completed in ca. 45 niin.4 
2.4.2 Effect of solvents. 
Enhanced reaction rate is observed upon an increase in H20 to MeCN ratio, 
presumably a result of enhanced Oxone™ solubility, but reduced ee is also a result.4 
2.4.3 Effect of temperature. 
The effects of temperature could only be studied over a small range due to the 
instability of Oxone™ in alkaline conditions at elevated temperatures, and due. to the 
freezing point of the reaction mixture.4 
2.5 Catalyst design and synthesis 
My research in this' area began by accessing the key intermediate· 2-(2-
bromoethyl)benzaldehyde (16) allowed a simple synthetic route for screening a wide 
range of chiral primary amine compounds through a simple reaction. Scheme 3 shows 
the procedure used adapted from that of rueche and Schmitz.s This involves the 
bromination of isochroman (17) to give I-bromoisochroman (18), followed by 
treatment with HBr to afford the desired intermediate (16) in 68% yield. This reaction 
can be carried out on 50 g scale, providing crude product (60-70% pure by IH NMR 
spectroscopy) which can be used directly. Purification can be achieved by distillation 
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and the product must be stored in a freezer. The yield of the reaction of intermediate 
(16) with primary amines varies: highly hindered chiral amines afford 15-30% of 
iminium salt (19) while unhindered ones give ca. 80% yield. The main side reaction is 
elimination of hydrogen bromide from the bromoethyl moiety of precursor (16) to 
give 2-vinylbenzaldehyde, which occurs with hindered amines due to their increased 
tendency to act as bases rather than nucleophiles.4 
17 18 ,. 19 
Scheme 3 
The bromide salts tend to be oils, and thus counter-ion exchange was carried out with 
sodium tetraphenylborate to provide solids, with the degree o,f crystallinity varying 
with the alkyL group of the paren( amine. This method provided a simple and 
inexpensive route to a range of chiral iminium salts that did not require purification by 
column chromatography. Furthermore, it can be performed at a multi gram scale (::;;10 
g), thus compensating for the low yields obtained in some cases.4 
The amine used for the synthesis of catalyst (2) is (IS,2S)-(+)-2-amino-l-phenyl-I,3-
propanediol (20) which is commercially available. Protection of the amine 
funciionality as the formyl group was required prior to the acetonide protection of the 
diol with acetorie/2,2-dimethoxypropane. Sodium methoxide was added to the' 
formylation, which took place a near quantitative yield to produce intermediate (21) 
(Scheme 4). The acetonide generation was carried out immediately on compound (21) 
with catalytic HBr to afford 75% of acetal (22). An 85% aqueous solution of 
hydrazine monohydrate heated at reflux for 2 h removed the formyl group to furnish 
5-amino-2,2-dimethyl-4-phenyl-I,3~dioxane (23) in 86% yield.6 Cyclocondensation 
of amine (23) with 2-(2-bromoethyl)benzaldehyde (16) proceeded to form the 
dihydroisoquinolinium salt; the counter-ion exchange is rapid and tilkes about 5 
minutes. Sodium bromide is precipitated as a white solid, leaving catalyst (2) to be 
isolated in a 75% yield.' 
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HCo,CH, 01"~:CoH H H,N:C0H NaOCH, HBr cat. 01")::0 H,N,NH,.H,O 
MeOH Hph OH AcetonelDMP Hph o~ 2h.~ Ph OH, rt, 3.5 h 2.5 h, rt 66% 
20 99% 21 
75% 
22 
H'N:C 
i)~Br [CO:" ] 00 eBP~ 0 I : ,~NX:0 ._----_.,. Ph O~ ~ ~N::C iI) NaBPh. (£) 0 EtOHlMeCN 
" Ph ok-rt, 12 h Ph O~ 
23 75% 24 2 
,Scheme 4 
Catalyst (2) was used in the epoxidation of a set of simple alkenes. Table I presents 
these results and compares them with those obtained from (-)-IPC catalyst (1). The 
epoxidation reactions were carried out using our standard aqueous conditions. These 
results indicate that catalyst (2) in general induces much higher enantioselectivity in 
the asymmetric epoxidation and provides in some cases dramatic improvements in ee 
over catalyst (1).7 
Table 1: Catalytic asymmetric epoxidation using catalysts (1) and (2) 
Catalyst (-)-IPC catalyst (1) l,3-Dioxane catalyst (2) 
Epoxide Yield (%) I ee %; config. Yield (%) I ee %; config. 
25 Me)<? 68 (8)-(+)-(R) 64 (20)-(+)-(R) 
Ph 
0 
27PhAfPh 72 (15)-(+)-( 1 R.2R) 52 (52)-(-)-(1 S.2S) 
Me 
° 28PhAfPh 43 (5)-(+)-(S) 54 (59)-(+)-(S) 
Ph 
29 d Ph 68 (40)-(+)-(1 R.2R)t 55 (41 )-(-)-(1 S,2S) 
CO° 30 I h 34 (3)-(+)-(1S,2R) 52 (17)-(+)-(1 S,2R) 
Ph . 
3100 73 (20)-(-)-(1 S.2R) 64 (49)-(-)-(1 S,2R) 
Oxone™ (2 eq), Na2C03 (4 eq). HlOlMeCN (1:1). 0 DC,S rnol% catalyst (2) unless otherwise stated. t 10 mol% catalyst 
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2.6 Catalyst structural analysis 
In order to attempt to explain these results, a more in-depth look at catalyst (2) was 
. required. Due to the syn relationship between the nitrogen heterocycle and the phenyl 
groups around the acetal ring, either the phenyl or the dihydroisoquinolinium group 
must be axial, if the dioxane retains a chair conformation, as in (32) or (33). IH NMR 
spectra suggests the presence of only one chair conformer at ambient temperature (all 
the proton signals are sharp and the coupling constants corresponding to each of the 
protons of the 1,3-dioxane ring are consistent with. a chair conformation, in accord 
with previous reports of substituted 2,2-dimethyl-I,3-dioxane rings).s Furthermore, in 
the I3C NMR spectrum, the'geminal methyl groups appear at 17.98 and 28.68 ppm 
(axial and equatorial respectively); this is also consistent with a chair conformation.9 
Conformer (33) would be expected to be the thermodynamically favoured one 
because of reduced 1,3-diaxial interactions, despite the larger size of the 
dihydroisoquinolinium unit.7 
32 
It is also tempting to propose a stabilizing interaction between the electron cloud 
associated with the oxygen atom lone pairs and the electron-depleted carbon atom of 
the iminium unit, as shown in (33). One could envisage a bonding interaction between 
the 1t. orbital on the carbon atom of the iminium unit and the axial lone pair sp3 
orbitals on the two oxygen atoms. This suggestion is supported by single crystal X-ray 
analysis (Figure 2). It is interesting that the X-ray analysis does not indicate a twist-
boat conformation, gi:ven the two large substituents sited cis in a 1,2-arrangement. 
Such structural rigidity may help to control which face of the iminium bond is 
attacked by the persulphate. Such interactions are not available for the (-)-!PC 
catalyst (1) (Figure I). Consequently, in that case rotation around the bond between 
the nitrogen atom and the chiral unit may result in both diastereotopic faces of the 
iminium moiety becoming susceptible to attack by persulphate, and the two 
diastereoisomeric oxaziridinium salts so formed may be very different in their 
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potential for asymmetric induction in the epoxidation process.7 
'" 
CH. 
Figure 1 Figure 2 
Figure 1 is the X-ray structure of catalyst 1 and Figure 2 is he X-ray structure of catalyst 2 
The relative success of the 1 ,3-dioxane-derived catalyst may stem partly from the 
high conformational rigidity, perhaps a result of the stereoelectronic effects discussed 
above. The strong preference of similar systems such as (34) to exist in such a 
conformation has been documented both experimentally and theoretically. to 
34 
In conformer (33), the phenyl substituent may hinder the attack of the oxidant at that 
side of the iminium bond, rendering the opposite side more accessible. This 
arrangement is thus likely to produce a preponderance of one of the two possible 
diastereoisomeric oxaziridinium intermediates (Scheme 5), and enantiocontrol would 
then result solely from the process of oxygen transfer to the substrate. 
c9 c9 a @N ... h , @N @N.,I.= ()ba O£ol- O£oa ~, aT ~ a-r---
2 Major Minor 
Scheme 5 
This model is supported by the work of Enders with a related system (35). Enders 
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investigated the asymmetric synthesis of pyrrolidines by 1,3-dipolar cycloadditions 
using an azomethine ylid derived from 5-amino-2,2-dimethyl-4-phenyl-I,3-dioxane.11 
2.7 Transition state considerations 
Two transition states have been proposed for the epoxidation of alkenes by dioxiranes 
and oxaziridines, the spiro and the planar. A possible transition state, constructed 
according to the spiro model, for the epoxidation of triphenylethylene by the acetal 
catalyst (2) is shown in Scheme 6. -Assuming an oxaziridinium interni.ediate, in the 
spiro transition state the alkene approaches the oxaziridinium moiety in such a way 
that the axis of the carbon-carbon double bond is perpendicular to the carbon-nitrogen 
bond axis. In the planar transition state, the two components approach one another in 
such a way that these axes are parallel to one another and in the same plane. The spiro 
transition state is now generally accepted as the mechanism in operation during both 
dioxirane and oxaziridine mediated epoxidation.12,la It is also supported by recent 
theoretical and computational studies.13 
Scheme 6 
:rh 
H Ph 
(S)-enantlomer 
2.8 1,3-Dioxane catalyst (2) applicability to other alkene substrates 
The general trend of moderate to good enantioselectivities shown in Table I for aryl 
alkenes made it necessary to investigate the reactivity and limitations of this catalyst. 
A set of functionalized alkenes which have already been successfully asymmetrically 
epoxidized by the various systems available, were subj ected to our standard aqueous 
conditions. In addition, several non-aryl alkenes including terminal alkenes were 
tested, as these represent much more challenging classes of alkene epoxidation 
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substrates. 
2.8.1 Functionalized alkenes. 
Figure 3 depicts the selected alkenes, most of which have an aryl group making them 
easier to handle by being visible under an ultra violet lamp and having higher 
molecular weights. Furthermore, all are commercially available except for alkenes 
(37) and (40), which were synthesised by literature procedures. 
00~OH 
V'36. 
41 
v.;J-) 
42 
Figure 3 
Trans-cinnamyl alcohol (36) was the first alkene to be tested, and the results are 
summarized in Table 2. No backgroundepoxidation was observed in the blank 
reaction with no catalyst present over 3 h. We noted that when 30 mol% catalyst 
loading was used, decomposition of the epoxide product was observed by TLC. 
Racemic epoxide product was prepared in 81 % yield by reacting trans-cinnamyl 
alcohol (36) with 2 equivalents of MCPBA in DCMlchloroform at room temperature 
in overnight reaction time ... 
Cat. loading (moW,) 
5 
10 
30b 
10 
Table 2: Epoxidation of alkene (36) with catalyst (2) 
, Time (min) Conv.' (%) Yield (%) 
80 41 31 
120 70 62 
180 80 5 
160 87 78 
ee (%) 
Dd 
nd 
-nd 
10' 
. I Detennined by the ratio of epoxide to alkene in H NMR spectrum. Added using a syringe pump as an MeCN solution at a rate 
of (I mllh). C Determined by 'H NMR spectroscopy using chiral shift agent Eu(hfc)3. cl not determined. 
Synthesis of alkene (37) was achieved by acetal formation - from trans-
cinnamylaldehyde with ethylene glycol. The product was purified by Kugelrohr 
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distillation. Table 3 shows the reaction conditions tested. Best conditions were found 
to be 24 h heat at reflux under Dean-Stark conditions in ethylene glycol with 10 mol% 
of PT SA. 
Table 3: Conditions tested for the formation of alkene (37) from cinnamaldehyde 
Ethylene Cat. loading Solvent (0",) Time (h) Conditions Yield w.) 
glycol (.q) PTSA (mol'Y.) 
2 5 DCM 12 Stir 10 
2 3 Toluene 4 Reflux 47 
Dean/Stark IS S.m. 
10 10 
-
24 Reflux 89 
Dean/Stark 
10 10 ToluenelEthylene 72 Reflux 95 
glycol ("') Dean/Stark 
Epoxidation of alkene (37) was carried out under the standard aqueous conditions 
with 10 mol% catalyst (2), which gave 19% alkene to epoxide conversion after 90 
minutes, and the parallel blank reaction with no catalyst showed no background 
activity for the same time period. Preparative TLC purification of the crude product 
failed to separate the epoxide. _ Chiral shi.ft agent [Eu(hfc )3] addition to the crude 
epoxide sample did not exhibit a clear peak separation in the lH NMR spectrum. 
Trans-chalcone (38) displayed 5-10% epoxide under the blank aqueous conditions, 
and no catalytic reaction was exhibited upon the addition of 5 mol% catalyst (2) over 
a 2 h test period. Increasing both catalyst loading and reaction time to 10 mol% and 4 
h respectively did not alter the result. Apart from showing no background reaction, 
cyclohex-2-en-1-one (42) demonstrated the same lack of reactivity towards 
epoxidation. 
Methyl trans-cinnamate (39) again gave 5-10% background reaction over 2 h. 0.3 
equivalent of catalyst (2) were added dropwise over 2 h period using a syringe pump 
at a rate of I mllh. The reaction was allowed an extra I h stirring time after the 
catalyst addition was completed. This alkene substrate was also umeactive. 
Methyl (4E)-6-phenyl-4-hexenoate (40) was prepared in two steps from phenyl 
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acetaldehyde (43), which was subjected to nucleophilic addition of vinyl magnesium 
bromide in cold dry THF (Scheme 7).14 The secondary alcohol product, I-phenyl-3-
buten-2-01 (44) required column chromatography purification and was afforded in 
26% unoptimized yield. The neat alcohol (44) was mixed with an excess of methyl 
orthoacetate and a catalytic amount of propionic acid in a micro distillation kit. Initial 
heating at 107 °C resulted in the formation of dimethyl acetal species (45) by loss of 
methariol, which in turn eliminated another molecule of methanol to generate 1,5-
diene (46) ready for the Claisen orthoester rearrangement.15 Upon further heating at 
145 °C, the rearrangement took place and most of the excess methyl orthoformate was 
distilled over. The final alkene product (40) required Kugelrohr distillation and was 
obtained in 43% yield. The trans alkene product (40) was obtained, shown by a 15.2 
Hz coupling for the alkene protons in the IH NMR spectrum. 
45 
""_ (1.1 eq) 
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CH,C(OCH,h (7 eq) 
CH,CH,CD,H ,," 
107·145°C, 1.5 h 
43% 
o H,CO~~Ph 
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Attempted epoxidation tests of (40) gave no reaction with 10 mol% catalyst (2) over a 
2 h reaction time period. Using a higher catalyst loading (30 mol%) resulted. in 
catalyst decomposition, and the solution turned dark yellow within 4 minutes and then 
brown. The alkene was recovered, while the blank reaction with no catalyst showed 
no activity over 1 h. 
The blank reaction for the electron rich alkene DHP (41) under our standard aqueous 
conditions exhibited produced 70% epoxide after 1.5 h. Replacing MeCN with DCM 
. as the solvent caused elimination of the background reaction over 1 h. The reactions 
in DCM are the area of research by a different group member, therefore it was not 
attempted. 
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2.8.2 Non-functionalized cis and tenninal alkenes. 
Several non-aryl alkenes (47-50) were also explored with catalyst (2). The results of 
these reactions are summarized in Table 4. 
47 48 49 50 
Table 4: Epoxidation ofnon-functionalized cis and terminal alkene. with catalyst (2) 
Alkene Time (h) .BlanklTime (b) Conv.a <".) Yield (%)" ee (e;.)c 
Cis-2-heptene 1 No reaction (I) 80 60 9 
Cis-3-heptene 2 No reaction (2) 95 72 11 
. 
I-Heptene 1 No reaction (I) 3 ndd nd 
4-Phenyl-l-butene 2 No reaction (2) 5 nd nd 
• 
. . Detennmed by the ratio of epoxide to alkene In the H NMR spectrum. Usmg standard aqueous epoxldatlon conditions WIth 10 
mol% catalyst loading, loss due to compound volatility. C Detennined by IH NMR chirat shift agent Eu(hfc)J' dnot detennined. 
The disubstituted alkenes (47) and (48) displayed reactivity but with poor 
enantioselectivity. Tenninal alkenes (49) and (50) were not oxidized for up to 2 h. 
When the reaction was carried out with aryl, tenninal alkene (51), it exhibited 29% 
conversion in 2 h under the standard aqueous epoxidation conditions with catalyst (2) 
and afforded the corresponding epoxide i~ 19% yield with 16% ee, detennined by 
BPLC chromatography using a Chiracel OD column. 
ff.~· rh 
Ph 
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This reactivity due to the electron rich aryl group(s) was further displayed by catalyst 
(58) in section 2.11, which·afforded complete conversion in 5 minutes with 81 % yield 
of the epoxide, but only 4% ee. 
2.9 Aqueous epoxidation reaction analysis 
2.9.1 pH. 
To further our understanding of what occurs in the reaction medium under the 
standard aqueous epoxidation conditions, the reaction was pH monitored. To the 
aqueous phase at 0 cC, 4 equivalents ofNa2C03 were added and the pH rose to 11.92. 
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Addition of 2 equivalents of Oxone™ caused an immediate drop in pH to 9.07 (zero 
minutes, Graph I). The alkene (I-phenylcyclohexene) in MeCN solution was added in 
I aliquot, causing the pH to drop to 9.02 at 2 minutes. The catalyst was next added, 
also as an MeCN solution at minute 4, (PH 8.99), which is time zero for the 
epoxidation reaction. 
pH monitoring of the standard aqueous asymmetric epoxidation system 
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The reaction progress was monitored by TLC and at minute 55 the reaction was 
complete. After workup, the epoxide was isolated in 86% yield and with 31 % ee. A 
separate experiment was performed, but this time Oxone™ was added to the basic 
aqueous phase and time was allowed for the pH to stabilize. This took 5 minutes and 
the pH was 7.65. Addition of the alkene in MeCN caused the pH to rise to 8.23, and 
this was then followed by a drop in pH. Adding half the catalyst solution caused 
another rise in pH, and the. drop in pH then resumed. The same trend is observed 
when adding the second half. It should be noted that with this system, the reaction 
never reached completion, so that after 90 minutes, the reaction was worked up, and 
only 89% conversion was seen by IH NMR spectrum .. In all these reactions, the 
organic phase was tested for the presence of any active peroxide by starch paper and 
all solutions were pre-cooled to 0 °C before their addition. 
A study at pH 8.5 was also carried out. The aqueous base was at pH 11.65, Oxone™ 
addition in I portion dropped the pH to 9.07 over 2 minutes. Addition of the alkene 
caused the pH to rise to 9.30 after 2 minutes and at this stage a quick drop in pH was 
necessary because, when the catalyst solution is added there is another rise in pH and 
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the aim of this experiment is to check the outcome of the reaction at pH 8.5 once all 
the reactants are in. Therefore, 2 drops of conc. H2S04 were added. The pH dropped 
to 7.30 within 2 minutes, this was followed by addition of the catalyst in MeCN 
solution, which caused the pH to rise to 8.50 over 6 minutes. For the next 12 minutes, 
pH 8.5 was maintained by the slow addition of a 5% aqueous solution ofNa2C03 was 
carried out (total 0.93 ml), maintaining a 1:1 ratio of MeCN to H20. lH NMR 
spectrum displayed complete conversion and 31 % ee after 25 minutes. 
The presence of acid was a parameter change in the experiment, therefore another 
experiment with the pH control at 8.6 was carried out as described above up to the 
alkene addition stage, this was followed by adding simultaneously both the catalyst 
solution and a 5% aqueous solution of Na2C03 dropwise. TLC exhibited complete 
conversion within 10 minutes from the beginning of catalyst addition, lH NMR 
spectrum displayed complete conversion and 31 % ee. 
The above conditions were repeated, this time working at pH 9.5. An extra 4.7 ml of 
the 5% aqueous solution of Na2C03 were required to achieve the desired pH. An 
equal amount of MeCN was also added. The reaction medium turned deep yellow 
within 4 minutes, suggesting the completion of the reaction (confirmed by TLC) and 
the decomposition of the catalyst. Again, lH NMR spectrum displayed complete 
conversion and 31 % ee. 
Thus, we can deduce that for I-phenylcyclohexene, the optimum pH range for this 
reactIon is between 8.5-9.5. Use of higher pH levels from the beginning by using 5 or 
6 equivalents of base had a detrimental effect on the rate, presumably due to the 
decomposition of Oxone™. This study only reports the pH of the aqueous phase of the 
reaction medium, and in order to investigate what happens in the organic medium, an 
IR experiment was carried out using an IR probe in the reaction mixture. 
2.9.2 React IR. 
Before the reaction was started, spectra were obtained of MeCN (Aldrich HPLC 
. grade), MeCNIH20, I-phenylcyc1ohexene in MeCNIH20, I-phenylcyc1ohexene oxide 
in MeCNIH20, I-pheny1cyclohexene oxide, and catalyst (2) in MeCNIH20. The 
reaction was carried out in a test-tube (12 cm) in order to have the correct length for 
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the IR probe, which was placed in the top end of the tube. An X-shaped magnetic 
stirrer was used to achieve high mixing rates and the reaction was placed in an ice 
bath. Spectrum number 0 of ice cold aqueous base solution was acquired at elapsed 
time 11 seconds. Solid Oxone™ was added in 1 portion and the mixture was stirred 
for 2 minutes. This was followed by alkene in 4 ml MeCN addition by syringe pump 
at a rate of 60 mVh; within 6 minutes the alkene addition was finished. The catalyst in 
4 m! MeCN, addition was also carried out using a syringe pump at 12 mVh. The 
reaction was monitored for 45 minutes 46 seconds (Figure 4). 
IR monitoring of the standard aqueous asymmetric epoxidation system 
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Note that the absorption signal at 990 cm'\ was absent from the initial spectra, from 
the ~tart of catalyst addition, the signal at 990 cm'\ grows, initially observed ~fter 
spectrum 18. This signal was not observed in either the MeCN (Aldrich, HPLC grade) 
or MeCNIH20 reference spectra (Top spectrum in Figure 5). Figure 5 also depicts the 
spectra of l-pheny1cyclohexene oxide in MeCNIH20, (bottom spectrum in Figure 5), . 
illustrating the presence of signals at 974 and 920 cm'\ in the epoxide product. 
Therefore, by eliminating the solvent, it can be deduced that this signal is due to a 
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species fDnned in the reactiDn after the catalyst additiDn. 
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The sDlvent signals CDver a brDad range Df the IR regiDn making it difficult to. detect 
these reactiDns by IR spectrDscDpy. In this case, signal 990 cm-J can belDng either to. 
the epDxide, Dr a degradatiDn prDduct frDm the catalyst. A pDssible sDlutiDn wDuld be 
to. carry DUt this reactiDn again using different alkenes. This wDuld have a beneficial 
effect by Dbserving the presence Df this signal again, if it is frDm a catalyst 
degradatiDn species, also. a slDwer reacting alkene wDuld render it pDssible to.. Dbserve 
any fDnnatiDn Dfthe reactiDn intermediates. 
2.10 Catalytic anhydrDus asymmetric epoxidation conditions 
This mixed sDlvent system had been prDven to. wDrk, but it is inflexible. FDr example, 
sub-zero. reactiDns CDuld nDt be carried DUt due to. the freezing pDint Df the sDlvent 
mixture. The lDW sDlubility Df certain alkenes such as trans-stilbene (26) gave lDnger 
reactiDn time. The unnecessary presence of the inactive salts of OXDne™ which 
precipitate DUt increases the difficulty Df stirring the reactiDn mixture. Therefore, new 
cDnditiDns were SDught with the aim DfimprDving the enantiDselectivity, temperature, 
sDlubility and the ease of detectiDn Df any reactiDn intennediates. 
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In order to improve the enantioselectivity, we felt that it would be advantageous if the 
reaction could be carried out at lower temperatures, and in order to achieve sub-zero 
temperatures, the aqueous phase must be eliminated. In turn, if the water is removed, 
the stoichiometric oxidant (Oxone™) must also be exchanged for an organic-soluble 
oxidant. Organic-soluble Oxone™ variants have been reported by Campestrini.16 For 
example, counter-ion exchange of Oxone™ with tetraphenylphosphonium chloride, 
(Scheme 8), in cold water and purification by recrystallization from DCM and n-
pentane affords tetraphenylphosphonium monoperoxysulphate (TPPP),. which is 
highly soluble in both MeCN and DCM, and provides 95% available oxygen 
measured by iodometric titration. 
!+le 
Ph.tF""" CI- + Oxone™ 
TPPP; 
,., e R 
p,"p"" o-s-~ ~ OH 
Scheme 8 
With this new organically soluble oxidant in hand, work began on establishing 
effective new conditions. As solvents, MeCN and a mixture of MeCNIH20 were 
investigated; a detailed study using DCM was carried out by a colleague. Several 
different bases were examined, including fluoride, DBU, DBN, and pyridine, but all 
were problematic either due to solubility or nitrogen oxidation. Thus, the reaction was 
carried out without added base, and resulted in catalytic epoxidation of 1-. 
phenylcyclohexene using catalyst (2) with 5 mol% loading, and 2 equivalents of 
TPPP at a temperature of -40 °C. In 20 minutes, 25% conversion of 1-
phenylcyclohexene with 43% ee was afforded, and no background reaction was 
. . . 
observed in a parallel blank reaction with no catalyst over 1 h. Due to its exothermic 
nature, the reaction was carried out by first dissolving TPPP in MeCN at room 
temperature. This was then cooled to -40 °C (if cooled below that temperature the 
system freezes). Then a pre-cooled to -40 °C catalyst solution in MeCN was added 
dropwise, and a precipitate of tetraphenylphosphonium tetraphenylborate was formed. 
After 2 minutes, alkene solution in MeCN, also pre-cooled to -40 °C, was added 
dropwise, ensuring that the internal reaction temperature did not exceed -39 °C. The 
reaction was stopped by high dilution with diethyl ether, in which both the catalyst 
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and oxidant display a Iow solubility profile. Table 5 summarizes the results obtained 
with I-phenylcyclohexene and catalyst (2) at a range of temperatures. 
Table 5: Anhydrous asymmetric epoxidation of I-phenylcyclohexene with catalyst (2) 
Cat. loading (mol'!.) Temperature ('C) Time (min) Cony. (%) ee (Y.) 
. 
5 
-40 20 25 43 
10 
-40 60 42 43 
10 0 50 66 34 
10 80' 5 89 30 
, , 
uSing 3 eq of TPPP and 20 Yo background epoxldatlOn was observed In the blank reachon. 
These conditions at -40°C and 10 mol% catalyst loading were next applied to two 
different aIkenes; phenyl naphthalene (31) afforded 62% yield with 44% ee in 4 h, 
while a-methyl trans-stiIbene (27) exhibited 45% yield with 15% ee in 2 h. Under 
these new anhydrous conditions, the reactions are much slower than the aqueous 
standard conditions. 
2.11 Seven-membered azepinium salts 
In our ongoing efforts to develop new and more selective catalysts based on iminium 
salts we replaced the dihydroisoquinoIinium moiety with a biphenyl structure fused to 
a seven-membered azepinium salt. Again, the chirality resides in the exocycIic 
nitrogen substituent. A BINAP-derived seven-membered ring system achiral at the 
nitrogen substituent has been previously reported.17 
The preparation of this bromo ethyl biphenyl catalyst (52) was carried out by treatment 
of2,2' -bis(hydroxymethyl)biphenyl (53) with a 24% aqueous solution ofHBr to give 
the dibenzoxepine (54) in88% yield. Reaction of this material with bromine provided 
bromoaldehyde (56) directly in 59% yield. Cyclocondensation with a chiral amine 
then produced the i~inium salt catalyst (Scheme 9).18 
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Scheme 9 
We used both successful chiral amines [1 ,3-dioxane (23) and (-)-IPC] to synthesise 2 
new iminium salts prepared by cyclocondensation reaction procedure, whereby (-)- . 
IPC catalyst (57) and 1,3-dioxanecatalyst (58) were produced in 60% and 68% yields 
respectively from the corresponding amines and bromo aldehyde (56). Figure 6 depicts 
both catalysts and an X-ray representation of catalyst (57). 
57 58 
Figure 6 
Initial tests revealed the success of this approach, and in Table 6 is shown a 
comparison of the results of catalytic epoxidation reactions using catalysts (57) and 
(58). under our standard aqueous conditions. 
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Table 6: Aqueous asymmetric epondation using seven-membered ring catalysts (57) and (58) 
Catalyst (-)-IPC (57) l,3-Dioxane (58) 
Epoxide' Conv~ % I Time/min I ee%;C Config; Conv~ % T Time I min I eeOlo;c Config; 
25 Me)<J 90 5 3-(+)-(R) 100 10 24-(+)-(R) 
Ph . 
26 
Ph4Ph 
95 5 0 90 10 15-(-)-(1 S,2S) 
27Ph~Ph . 93 10 14-(+)-(1R,2R) 95 5 37-(-)-(1 S,2S) 
Me 
° 28 Ph~Ph 100 10 17-(+)-(S) 90 3 59-(+)-(S) 
Ph 
29 6 Ph 100 5 29-(+)-(1R,2R) 100 3 60-(-)-(1 S,2S) 
CO° 30 I .Q 95 5 8-(+)-(1 S,2R) 100 3 10-(+)-(1S,2R) 
PhO 
3100 95 10 38-(-)-(1S,2R) 90 3 41-(-)-(1S,2R) 
I Standard aqueous conditions: Oxone™ 2 eq, 10 mol% catalyst, Na1C03 4 eq, MeCN:H20 at 0 °c. bConversion evaluated by IH 
NMR spectroscopy by integration of epoxide versus alkene. C ee Cletermined by IH NMR spectroscopy using Eu(hfch (0.1 mol 
eq) as chiral shift reagent 
It is clear that both of the new seven-membered ring catalysts are more reactive in the 
epoxidation reaction than the six-membered ring dihydroisoquinoliniurn catalysts (I) 
and (2). Catalyst (57) however gave poorer enantioselectivities than catalyst (2) in all 
cases. In general, an increase is shown in both the reactivity and the enantioselectivity 
of (-}-IPC seven-membered catalyst (57) over its six-membered counterpart (I). The 
only drop in ee came in the .case of I-phenylcyclohexene, from 40 to 29%. Catalyst 
(58) also provided ees of up to 60%. This was an improvement on its six-membered 
counter part (2) for I-phenylcyclohexene. No improvement was observed in the case 
of triphenylethylene, 59% ee. While trans-stilbene oxide was obtained with a 15% ee, 
compared with the racemic pattern displayed by our (-}-IPC catalysts (I) and (57). 
Catalyst (57) exhibited high reaction times at 0 °C,' whereby all reactions were 
completed in ten minutes or less. In both our six and seven-membered catalysts [(I), 
60 
,----------- - -
(57)] and [(2), (58)] a-methylstilbene and 1-phenylcyclohexene oxides, the major 
enantiomers produced were opposite in configuration; the reasons remain unclear at 
present.19 
Table 7 shows the results obtained with catalyst (58) under our new anhydrous 
conditions with the same set of alkenes. An overall enhancement, except in the cases 
of (25) and (31), in the enantioselectivity is observed, with an ee of up to 67% for 1-
phenylcyclohene oxide and a 60% ee for triphenylethylene oxide. The reaction times 
vary according to the alkene substrate. It should be noted that catalyst (57) gave poor 
conversions under these anhydrous conditions. 
Table 7: Anhydrous asymmetric epoxidation using catalyst (58) 
Epoxide' Cony. % Time/min ee%;C Config; 
25 Me)<J 100 120 3-(+)-(R) 
Ph 
26 0 Ph...-<J... Ph 100 20 14 
0 
27 PhAtPh 50 60 40-(-)-(1 S,2S) 
Me 
0 
28 PhAfPh 78 60 60-(+)·(S) 
Ph 
29 d Ph 100 3 67-(-)·(1 S,2S) 
CO° 30 I ' 83 120 26-(+)-(1 S,2R) 'h 
'100 60 22-(-)-(1 S,2R) 
I Standard anhydrous conditions: TPPP 2 eq, 10 mol% catalyst, MeCN at-40 GC. bConversion evaluated by IH NMR 
spectroscopy by integration of epoxide versus alkene. C ee determined by 'H NMR spectroscopy using Eu(hfch (0.1 mol eq) as 
chira! shift reagent 
Catalyst (58) was next used under anhydrous conditions with a mixed solvent system 
ofMeCNIDCM, in order to lower temperatures even further without freezing. Table 8 
illustrates the results obtained with 3 alkenes and it lists a high temperature, at 80°C, 
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reaction for a-methyl trans-stilbene which showed some enantioselectivity even with 
the presence of 30% background oxidation in the parallel blank reaction. When 
mixing DCM and MeCN in a 1: 1 ratio and carrying out the reaction at -40 °C, we 
observed a decrease in the rate of reaction and a slight drop in enantioselectivity. On 
repeating the. reaction at -78°C, the rate is slowed even further, but the ee increased 
from 53 to 70% in the case of I-phenylcyclohexene oxide. Also methyl stilbene gave 
50% ee at -78°C. 
Table 8: Anhydrous asymmetric epoxidation using catalyst (58) and mixed solvents 
Epoxide' Solvent 
6 Ph . MeCN -40 100 67 3 29 MeCN/DCM -40 91 53 10 MeCN/DCM -78 80 70 120 
A} Ph MeCN -40 50 40 60 27 Ph MeCN 80 100 24 5 
Me MeCN/DCM -78 84 50 120 
o .. 
-40 78 10 60 ~Ph MeCN 28 Ph MeCN/DCM -40 30 30 60 
Ph 
• Anhydrous conditions: TPPP '2 eq, 10 mol% catalyst. bConversion evaluated by IH NMR spectroscopy by integration of 
epoxide versus alkene. cee detennined by IH NMR spectroscopy using Eu(hfch (0.1 mol eq) as chiral shift reagent 
This mixed solvent system demonstrated high enantioselectivity due to the ability to 
carry out the reaction at -78 °C, but required highly reaCtive catalysts such as catalyst 
(58). Further optimization is being carried out for this new anhydrous system. 
2.12 Chiral catalytic asymmetric sulphoxidation 
After the success of these iminium salts in the oxygen transfer reaction to alkenes, we 
decided to check this reaction with sulphides, which are more reactive nucleophiles. 
Hanquet and Lusinchi have reported the use of their iminium salt for this reaction.2o 
Under their reaction conditions, [MeCN (10.5 ml) : H20 (2 ml), NaHC03 (8 eq), 
Oxone™ (l.l eq) at 0 0C], with methyl p-tolyl sulphide (59) as the substrate, we 
obtained 50% background oxidation after 1 h in the blank reaction with no catalyst. 
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These conditions were re-tested but this time the base was changed to K2C03 (4 eq), 
and, again blank reaction was observed by TLC. 
At this stage, we decided to test our homogeneous system using catalyst (2), with 2 
equivalents of TPPP as the oxidant and 4 equivalents of organic-soluble base DBU to 
oxidize methyl p-tolyl sulphide (59), in several solvents, at 0 °C (Table 9). 
Table 9: Sulphoxidation of methyl p-tolyl sulphide (59) using catalyst (2) 
Solvent Time (h) Backgrouod (%) . Final result 
MeCN 1 0 No reaction 
DCM 1 0 No reaction 
MeOH 1 5. . No reaction 
In all Catalyst (2) 10 mol% was added after I h of blank reaction time, at 0 DC and monitored by TLC. 
Conversion was measured by the ratio ofsu!phoxide to sulphide in the IH NMR. 
Unfortunately, no reaction was observed in any of these conditions. The reaction in 
DCM was repeated, but this time catalyst (2) was added as the last reagent, as in the 
epoxidation reaction, in order to ensure that the catalyst/oxidant is still active. There 
was no reaction after 30 minutes. When the blank reaction was carried out in the 
absence of base, TPPP oxidized the sulphide (59) to the sulphoxide (60) with 50% 
conversion in 40 minutes, and when the base was reduced by half to 2 equivalents, no 
background was observed over 30 minutes. 
Adapting Davis conditions,21 [DCM (12 ml) buffered to pH 8.5 by addition ofK2C03 
(11.5 eq in 1.2 ml H20) and Oxone™ (3 eq)) the background reaction was suppressed 
on overnight testing time at room temperature. Using 10 mol% catalyst (2) afforded 
60% conversion to the sulphoxide (60) in 30 minutes at 0 °C (Scheme 10). Davis has 
reported that Oxone™ deteriorates in the presence of high levels of base. Therefore, 3-
9 equivalents of Oxone™ were utilized to obtain higher conversions. Carrying out the 
reaction in DCM/fhO (2:1), with 3 equivalents of Ox on eT M , 12 equivalents ofK2C03 
and 10 mol% of catalyst (2) at 0 °C afforded 60% sulphone and 30% sulphoxide (60) 
with 30% ee (determined by Chiracel OD HPLC chromatography). In order to 
complete the blank reaction study, three more reactions were run, two of which were 
in MeCN and the third in DCM, all at 0 °C (Table 10). The background in the DCM 
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case was 4% sulphoxide (60) and 1 % sulphone. MeCN was not found to be a suitable 
co-solvent, and all reactions were carried out in DCM. 
s cat. (2) b~ ~ "Oxone™,K,Co. ~(±)"" 
~ DCM:H,O,O'C ~ 
59 60 
Scheme 10 
Table 10: Background sulphoxide (60) formation in DCM and MeCN 
Solvent (nO) K,CO, (oq) H,O(nO) Oxone TM (eq) Time (nO.) Background (%) 
DCM(I2) 34.5 7.4 9 160 4 
MeCN (6) 11.5 3.1 3 15 20 
MeCN (12) 34.5 7.4 9 15' 35 . 
0 Reacbons at 0 C. Conversion was measured by the ratIo of sulphoxIde to sulphIde In the H NMR. 
It was then decided to add the oxidant in two batches, with slow addition, and to' 
reduce the quantity from 3 to 2 equivalents. The catalyst loading was also reduced to. 
5 mol%. IH NMR spectrum of the product mixture from this reaction revealed 
complete conversion, 90% sulphoxide yield with 27% ee and 5% sulphone obtained 
in 10 minutes. Cutting down on the reagents even further, [Oxone™ (1 eq), K2C03 (10 
eq), catalyst (2) (3 mol%)] afforded 70% conversion, 58% yield with 28% ee and 3% 
sulphone in 5 minutes. 
These standard conditions, [Oxone™ (2 eq), K2C03 (lOeq), DCMlH20 in a ratio of 
(2:1) at 0 °C, with methyl p-tolyl sulphide (59) as the substrate], were next tested 
using catalysts (58) and (57) (Table 11). It can be seen that the seven-membered 
catalyst (58) behaved in similar manner to the six-membered counterpart (2), giving a 
better yield (92%) but a lower 23% ee, while seven-membered (-)-IPC catalyst (57) 
gave complete conversion, 75% yield with 17% sulphone. The interesting result with 
this catalyst (57) was that the reaction provided the opposite enantioselectivities (S 
while in the all the other cases R was preferentially formed).22 Also presented in Table 
11 the results obtained when the reaction was done in either chloroform or toluene, 
replacing DCM as the co-solvent. Chloroform moderately slowed the rate of reaction, 
hence a slight increase in the selectivity. While in toluene the reaction profile changed 
with higher yields of the sulphone and lower selectivity. 
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Table 11: Results of the chiral sulphoxidation of methyl p-tolyl sulphide (59) 
Co-solvent Time(min) • Catalyst' Sulphoxide (,I.ld %) ee(%) , Config.· Sulphone(~.) 
DCM 3 58 92 23 R 4 
DCM 8 57 75 14 S 17 
CRCI, 8 2 76 33 R I 
Toluene 8 2 37 • 23 R 44 
• • 
, Usmg OxoneTIII ~2 eq), K2CO, (10 eq), at 0 °C. Catalyst loadtng 5 mol%. Determtn~d by Chlracel OD HPLC 
chromatography. d Determined by literature precedent. '19% unreacted s,m 
Oxidation of tert-butyl methyl sulphide under the same conditions and using 5 mol% 
catalyst (2) afforded a 57% mixture of sulphone and sulphoxide in (1.0:1.3 ratio) with 
31 % ee after 3 minutes reaction time. Replacing Oxone ™ with hydrogen peroxide 
(30% w/w) under the standard conditions gave no reaction even at room temperature 
for up to 12 h. 
2.13 Payne and peroxyacid chiral epoxidations 
Asymmetric epoxidation of simple alkenes using both peroxyacids and the related 
:('ayne epoxidation have been mentioned in the section 1.3.1 of the introduction. 
Payne reported that nitriles in an alkaline solution of hydrogen peroxide epoxidized 
alkenes in good to excellent yields.23 The process utilized cheap, environmentally. 
friendly hydrogen peroxide but suffered the lack of enantioselectivity, which is 
perhaps largely due to the chiral inducing agent being remote from the ieaction·center. 
K2.C03 R ~I/NH 
R-C=N ~ 
H:.Cl, . . O-OH 
R: camphor based backbone Peroxy carboximidic acid 
Scheme 11 
For the chiralnitriles proposed (Scheme 11); reaction with hydrogen peroxide is 
expected to furnish the peroxy carboximidic acid, which is a source of electrophilic 
oxygen, that epoxidizes carbon-carbon double bonds. (Scheme 12) .. 
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As an attempt to study camphor-based potential chiral stoichiometric oxidants, the 
following route was devised (Scheme 13). 
~ KMnO, ~ ti 48%o~ 
So,CI OH 
soc. 
-67% 
~. NH, on 92% 
Cl 
61 62 63 
~ SOC, 
'" 
o , 0 n% 
NH, N 
NaSH, 
-76% 
64 65 66 
Scheme 13 
The conversion of (1S)-(+)-IO-camphorsulphonic acid (61) to ketopinic acid (62) by 
potassium permanganate oxidation was carried out as described by Bartett.24 
Treatment with thionyl chloride as a solvent resulted in the acid chloride formation 
(63), which was in turn dissolved in DCM and conc. ammonia mixture to 'afford 
amide. (64) in 92% yield. Amide (64) and para-formaldehyde were dissolved in 
MeCN and fonnic acid. Heating this mixture at reflux for 12 h failed to give the 
desired nitrile product (65).25 Instead, amide (64) was dissolved in thionyl chloride 
and MeCN, and heated at reflux for 3 h to produce nitrile (65) in 72% yield.26 
Nitrile (65) was tested as a mediator in the Payne epoxidation of alkene substrate 1-
phenylcyclohexene. The reaction conditions were similar to the ones reported by 
Payne whereby methanol was the choice of solvent, potassium carbonate as the base 
and hydrogen peroxide as the oxidant. 23 The temperature was reduced to 0 °C in order 
to achieve some selectivity, but no epoxidation occurred even after 26 h and both the 
stoichiometric nitrile (65) and alkene were recovered (Scheme 14). Changing the 
solvent to DCM did not alter the result. 
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Compound (66) was prepared in order to examine the effect of the presence of the 
ketone group, which could be involved in hydrogen bonding to the peroxyacid 
hydrogen. (65) was reduced to the alcohol using sodium borohydride, resulting in the 
alcohol group having an exo configuration, since the approach of the reducing agent is 
from the lower, unhindered face of the ketone group (Scheme 15). This was verified 
by optical rotation compared to literature reported compound.27 (66) was also tested 
under the same conditions as mentioned above except that the oxidation was carried 
out at room temperature, but the same result was observed; no epoxidation . 
. ~~ H2O,IHO-
Hfo
OH 
PhO 
Phb 
K2CO, 
)( 
N MeOH. rt P 
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Scheme 15 
Both the nitrile compounds (65) and (66) probably failed to generate the active 
hydroperoxyimine intermediate because if it had been generated, then the oxygen 
transfer would likely have occurred due to its high reactivity. In addition, the nitrile 
and the alkene starting material were recovered; if the Payne intermediate was formed 
then the amide is the expected end product, and that is why the reaction Was done on a 
stoichiometric scale. In order to compare the Payne with the· corresponding 
peroxyacid epoxidation for the camphor-derived backbone, compound (67) was 
synthesised (Scheme 16). 
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Having ketopinic acid (62) at hand, and reacting it with excess carbonyl diimidazole 
in THF at room temperature afforded compound (67) in an acceptable yield. (67) was 
tested with l-phenylcyclohexene in DCM at 0 °C. This time hydrogen peroxide was 
added in one quick addition. There was minimal reaction showed by' TLC. The 
reaction was left at room temperature but not much improvement was observed. Upon 
workup ketopinic acid precipitated out and the epoxide/alkene fraction, which was 
examined by IH NMR spectroscopy, showed that only a small fraction of the alkene 
had reacted. The reaction was repeated at room temperature and with 10 equivalents 
of hydrogen peroxide instead of 5. In addition, a blank reaction lacking the camphor-
derived mediator was carried out under similar conditions. As expected limited 
reaction was observed in the imidazolide vessel after 13 h at room temperature. Both 
reactions were then heated at reflux. The blank reaction showed 5% conversion but at 
a slower rate than that containing the imidazollde species. 
o~ H,o,/HO- o~ PhO PhD 
NI' p ~N HO 
67 . 
Scheme 17 
Chiral shift I H NMR spectrum showed racemic epoxide product. The lack of 
enantioselectivity could be due to remoteness of the chiral carbon atom from the site 
of oxygen transfer. Also, carrying out the reaction at high temperature in order to 
increase the kinetic rate would be expected to have a deleterious effect on the 
enantiofacial selectivity of the anticipated spiro transition of the oxygen transfer step 
(Scheme 18). 
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As for the blank reaction, direct epoxidation by hydrogen peroxide is rare unless it is 
used in conjunction with a metal ion catalyst. Common examples would include, 
vanadium pentoxide,28 tungsten trioxide?9 However, under the reaction conditions 
mentioned, the peroxyacid reaction occurred at a higher kinetic rate than the 
competing blank epoxidation. Therefore, by obtaining racemic epoxide in the 
camphor-based mediated reaction, this should enforce the reason that chiral inducing 
carbon atom too remote from the site of oxygen transfer. 
2.14 Camphor as catalyst source 
The issue of structural hindrance by a bulky alkyl group, as in the case of (-)-IPC 
. catalyst (1), was re-addressed by the utilization of camphor-derived compounds. The 
previously reported catalyst (71) was re-synthesised,18 and this was done by following 
the route given in (Scheme 19). Commercial (1S)-(+)-10-camphorsulphonic acid (61) 
was oxidized by potassium permanganate to ketopinic acid (62) in 48% yield but was 
carried out reproducibly on 50 g scale according to a literature procedure.24 The acid 
functionality was converted using thionyl chloride, as solvent, to an acyi chloride 
group (63).30 Upon treatment with excess of sodium azide (63) furnished the desired 
precursor which had under gone the Curtius rearrangement, in boiling toluene after 2 
h, to afford the isocyanate (69). Aqueous hydrochloric acid hydrolysis of the 
isocyanate in toluene furnished amino apocamphor (70).31 The chiral amine was 
condensed in the usual fashion with 2-(2-bromoethyl)benzaldehyde to afford, after the 
counter-ion exchange, iminium salt (71). 
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Scheme 19 
In order to avoid the use of sodium azide for the preparation of amide (70), an 
alternative route using diphenylphosphoryl azide, triethylamine and tert-butyl alcohol 
was attempted,32 This produced the tert-butoxy carbamate (72) precursor of amine 
(70), Then, TFA in DCM or HCl gas were used for the deprotection to the amine 
(70), but these routes proved to be ineffective or low yielding, (Scheme 20), 
o~ -~ - H~ OH 
62 
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Scheme 20 
Thus, the original route shown in Scheme 19 was not modified and used to make a 
batch of catalyst (71) which under the standard catalytic asymmetric aqueous 
epoxidation conditions with 5 mol% catalyst loading, 2 equivalents of Oxone™, 4. 
equivalents of Na2C03, in MeCN/lhO (1: 1) ratio soh'ent at 0 °C and 1-
phenylcyclohexene as the alkene substrate, gave complete conversion in 1 h, but with 
only 5% ee, Structural modifications were required in order to effect the necessary 
selectivity sought. Utilization of the ketone group in functional group 
interconversions was attempted (Scheme 21), whereby acetal formation was tested, 
Catalyst (71) was heated at reflux overnight in rnethanolltrimethyl orthoformate (1:1) 
in the presenc~ of Amberlyst® 15 and a catalytic amount of H2S04; although used 
previously with in the groUp/3 this reaction proved to be fruitless in this case, , 
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We felt it best to protect the ketone group before the iminium salt generation step due 
to the sensitivity and reactivity of the iminium bond towards nucIeophiles. Thus, the 
following cycloacetalization conditions for (70) to (73) were also attempted (Table 
12), but also failed to afford the desired product. 
Table 12: Conditions tested for acetalization of amine (70). 
Amine (70)/eq 1.0 1.0 1.0 1.0 
Ethylene glycoVeq 1.2 1.2 excess excess 
Additive PTSA",t. . MgSO,ox" PTSA"t. H2SO, ",- Amberly.t®15 
. 
Solvent Toluene DryDCM Ethylene glycol Ethylene glycol 
Method Dean/Stark Stir only Dean/Stark Stir 
. Temperature Reflux rt Reflux Reflux 
Reaction time/h 2 12 72 24 
Result •. m s.m. '.m s.m. 
Camphor-derived precursors provide a rigid framework, due to the two-fused 
cyclopentane rings. Another advantage is the ability to generate two stereo centres in 
close proximity to the oxaziridinium epoxidation site. Therefore, in a combined 
approach whereby the enantioselectivity would arise from blocking one face by the 
bulky backbone unit and by replacing the ketone group in camphor with an alcohol 
one, a directing group interaction was hoped to be achieved with the incoming 
nucleophile. This is applicable in the case of catalyst (75). The other option would be 
to synthesise catalyst (76) whereby the amine group is attached to a 20 carbon and the 
alcohol group to a 10 carbon. This would render both catalysts different degrees in 
structural rotation and interaction of the alcohol functionality with the other reagents 
in the epoxidation media. 
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The first catalyst (75) was made in seven steps, whereby acyl chloride (63) was 
converted to amide (64) by reaction in excess cone. ammonia overnight in 92% yield. 
Amide dehydration to nitrile (65) was achieved by use of thionyl chloride.34 
Reduction of (65) with LAH gave an 11:1 ratio of exolendo amine 1,4~alcohol species 
(77) in 72% yi$ld, as shown in Scheme 22. Catalyst (75) was formed by the usual 
cyclocondensation in 45% yield and showed no presence of the endo alcohol in the I H 
NMR spectrum. 
~ NHa c:onC., rt o~ SOC~.A ~ LIAlHo. A 92% 72% 72% 
Cl NH, N 
63 64 65 
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Scheme 22 
Catalyst (75) was tested under the standard aqueous epoxidation conditions, and 
showed 60% conversion of I-phenylcycIohexene in a reaction period of 4 h with only 
5%ee. 
Catalyst (76) was prepared starting from ketopinic acid (62), which was treated with 
an aqueous solution of hydroxylamine to afford oxime (78) (Scheme 23). Different 
methods were attempted for the reduction of carboxylic acid and oxime funtionalities 
in one step. Both borane-methyl sulphide complex in THF and borane-THF complex 
resulted in a white solid product. One can envisage species such as (79), which may 
have beneficial uses as a chiral reducing borane reagent. 3S Further analytical 
examination is. required to verify the structure of this product since NMR 
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spectroscopy was inconclusive. 
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The reduction of (78) was achieved by LAH to produce a yellow oil, consisting of a 
mixture of amines, with predominance of the exo component (80): The condensation· 
with 2-(2-bromoethyl)benzaldehye produced catalyst (76) and ring closed compound 
. . (81) and no trace of the C2 endo tetrahydroisoquinolinium salt. This was verified by 
lH NMR spectroscopy, whereby at 105 °C in DMSO-d6, two sets of signals where 
obtained. One set displayed iminium peak at 8.71 ppm and proton C2 at 1.6 ppm 
while the other set the iminium peak shifted to 4.3 ppm and proton C2 to 2.6 ppm, 
corresponding to compounds (76) and (81). This mixture was used in the standard 
aqueous ep~xidation test, and showed complete conversion of I-phenylcyclohexene in 
3 h with 19% ee (Scheme 23). 
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. Compound (81) can be compared in structural terms to the similar camphor-derived 
system (82) based on a sulphur ring system. Both have an exo heteroatom at the C2 
carbon of camphor and a six-membered chair with an equatorial group on the carbon 
in between the two heteroatoms.36 
Figure 7 
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When comparing both catalysts (75) and (76) low reactivity was observed in both 
systems which can be related to the formation of ring-closed cyclic inactive catalyst 
species, by the cyclization of the alcohol group to form a six-membered ring in both 
cases. Catalyst (76) displayed better enantioselectivities because of the rigidity of 
chiral auxiliary based on the camphor-derived amino alcohol with the 20 amine (80) 
compared to the 10 amine version (77). 
2.15 Amino acids as catalyst sonrces 
Following the discovery of our successful six-membered-I,3-dioxane catalyst (2), we 
decided to prepare and test chiral six- and five-membered ring acetals (and mixed 
nitrogen-oxygen acetals). The key intermediate chosen was the chiral Cbz protected 
10 amino aldehyde of the following basic structure (Figure 8). 
~ . 0 ••••••• _ Aldehyde for acetalizallon reactions 
~0'v"~" .. ~l~· 
11 I I '. o : R- ...., . 
, . : "" Natural amlnoacid Cbz.10 amino group I 
FigureS 
These choices were made for the ~ollowing reasons: 
I. Natural amino acids would be desirable due to their low cost. 
2. The aldehyde would provide a route for generation of many types of acetals. 
3. The primary amine is required for our cyc1ocondensation route used in preparing 
our catalysts. 
4. The Cbz protecting group was the best choice, because the deprotection media 
would not affect the chiral acetal unit. 
2.15.1 Phenylalanine-based catalysts. 
N-Cbz-L-Phenylalanine provided a suitable starting point, being commercially 
available. Other advantages are that the phenyl group is in the ultra violet visible 
region and provides a bulky group for blocking one side of the iminium bond. 
Therefore, the catalyst targets fall under the category of structure (83). 
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We hoped that a stabilizing interaction between the iminium rc' and the axial lone pair 
sp3 orbitals of the acetal oxygen atoms would occur at the low temperatures of the 
epoxidation reaction. 
The first step was to obtain the aldehyde (86) with no racemization of the chiral . 
center. Similar work by Kesten with N-Boc-L-leucine,37 showed that the best way to 
tackle this problem was to convert the amino acid (84) into the Weinreb amide (85) 
(Scheme 24), using 0.5 equivalent of LAH, and the aldehyde (86) was then obtained 
with no racemization. 
Under Kesten's conditions, using N,O-dimethylhydroxylamine hydrochloride, N-
methylchloroformate, NMM, in DCM and THF at -20°C, the expectedWeinreb 
amide product was obtained from (84) in 87% crude yield. The base was changed to 
NMP and no great improvement was noted. Using a one-pot system with 2 
equivalents of the base NMM did not work. 38 When using a mb{ed base system (NMP . 
and NMM) the yield improved to 92% crude and 56% purified by silica gel column 
chromatography. This was too low yielding for a first step, and so isobutylchloro 
formate was used instead to give 99% crude yield, but this product required silica gel 
purification.39 The final optimization came by employing a method reported by 
Taylor, where, in one-pot reaction of N,O-dimethylhydroxylamine hydrochloride, 
EDCI, NMM, in DCM -15°C for 2 h afforded N'-methoxy-N'-methylphenyl-
alaninamide (85) in 97% yield with high purity.4o 
Ph CH3NH(OCH3).HCI Ph 
'1 EDCI, NMM '1 I CbZHN~OH ,-----15-:''-C,-2-h - CbZHN~N,O/ 
o 99%· 0 
84 85 
Scheme 24 
, LIAIH ... THF 
ooc, 1 h 
88% 
88 
75 
Using Kesten's conditions for the reduction of Weinreb amide (85) to aldehyde (86), 
LAH at -45°C in dry ether, gave the highest yield of 59%? While using Taylor 
method, fresh LAH solution at -15°C in THF, afforded aldehyde (86) in 88%.40 
In the meantime, other routes to the aldehyde were also considered, including that 
shown in Scheme 25. First, N-Cbz-L-phenylalanine (84) was converted to the methyl 
ester (87) in 99% yield by heating at reflux in acetyl chloride and methanol for 2 h.41 
Table 13 shows the reduction reaction conditions tested on methyl ester (87); none 
proved successful. 
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Table 13: Methyl ester (87) reduction conditions tested to aldehyde (86) and alcohol (88). 
Conditions for aldehyde (86): '" 
1.7 eq DIBAL (1.0 m . in Toluene), Conversion to aldehyde seen but not complete. Longer 
anhydrous toluene, -78°C for 2 h reaction time led to over reduction to the alcohol. 
1.7 eq DIBAL (1.0 m in hexane), Decomposition of starting materials. 
anhydrous diethyl ether, -7SoC for 6 h 
Conditions for the alcohol (S8): 
2.0 eq LAH, anhydrous diethyl ether, A mixture of the desired product and s.m. was 
o °C~ rt overnight obtained. 
4.0 eq acetic "acid, dioxane, 4.0 eq A mixture of the desired product, and S.m. was 
NaBH., SO °C for 24 h 'obtained in 1.2:2.6 ratio. 
2.5 eq NaBH., THF, cone. sulphuric acid Did not work, H,S was a side product. 
1.25 eq, 0 °C~ rt overnight 
Alcohol (88) can be oxidized to aldehyde (86), thus providing an alternative route. At 
this stage, we decided to obtain the alcohol directly from the amino acid (84). Abiko 
reported the use of a NaBH4-H2S04 system, but it was unsuccessful in our case.43 
Instead a method reported by' Martinez proved' to be best,44 and N-Cbz-L-
phenylalanine (84) was successfully converted into alcohol (88) in 99% yield and' 
without racemization,' by using. NMM, isobutyl chloroformate, and sodium' 
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borohydride in DME. This reaction proceeds through the mixed anhydride species 
(89), and occurs in two minutes. 
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The optical purity of the alcohol (88) obtained was verified by optical rotation to 
determine that no loss of chirality had occurred during this reaction.4s 
A report by Lenna describes the use of TEMPO free radical for the oxidation of N-
Cbz-L-phenylalaninol (88) to the aldehyde (86), in 96% yield and greater than 99% 
ee.46 Table 14 lists the conditions tested for this radical oxidation. 
Table 14: Radical oxidation conditions tested for conversion of alcohol (88) to aldehyde (86). 
TEMPO (",,1%) NaBr ('q) NaOCI (oq) Time (miD.) Observed result' 
1.0 1.03 - 75 Low conv. and the rest s.m. 
1.5 1.03 1.10 120 Decomp ofs.m. and no product,1 
1.0 1.03 1.10 75 No reaction. 
1.5 1.03 1.10 45 No reaction. 
. . All reactions were done In toluene. ethyl acetate. water, 6.6.1, With stlrrmg. Usmg mechamcal vIgorous stlmng . 
TEMPO can oxidize the alcohol but the success of this reaction can be related to the 
quality of bleach used. The alcohol oxidation route was however still attractive: 
Einhom reported the use of TEMPO with NCS and. TBACI in a pH 8.6 buffered 
solution, and this could be tested in future,47 but the Weinreb amide route proved as 
first choice route to aldehyde (86). 
The next stage was to convert aldehyde (86) into an acetal using a chiral diol. In our 
initial tests,' different conditions and diols were used, but all failed, including the 
method reported in the literature for the same acetal48 (Table 15). 
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Table 15: Conditions tested for acetal formation from aldehyde (86). 
Diol Solvent Catalyst Conditions Result 
ft1eso-hydrobenzoin CRCI, CSA Diol 1.0 eq, 4A MS, rt, 12 h s.m 
ft1eso-hydrobenzoin DCM CSA Diol 1.0 eq, 4A MS, rt, 72 h s.m 
ft1eso-hydrobenzoin Benzene Pyridinium Diol1.0 eq, reflux, Dean-Stark, 3 h s.m. 
tosylate 
(+)-L-DMT DCM - Diol1.l eq, 4A MS, rt, 12 h S.m 
(-)-(2R,4R)- DCM - Diol1.1.eq, 4A MS, rt, 12 h s.m 
pentanediol 
. (+)-L-DMT Toluene Collidinium Diol 1.1 eq, reflux, Dean-Stark, 2 h s.m. 
tosylate 
(-)-(2R,4R)- Toluene Collidinium Diol 1.1 eq, reflux, Dean-Stark, 2 h s.m 
pentanediol tosylate 
(-)-(2R,4R)- DCM PTSA Diol1.0 eq, reflux, 12 h S.m. 
pentanediol 
(-)-(2R,4R)- DCM CSA Diol 1.0 eq, reflux, 12 h s.m 
pentanediol I 
(-)-(2R,4R)- Benzene PTSA Diol 1.1 eq, reflux, Dean-Stark, 6 h -
pentanediol 
Aldehyde (86) was converted into the dimethyl acetal (90) in order to test acetal 
exchange methodology.48 Stirring in methanol with catalytic HCI at 0 °C for I h failed 
to give desired product. Stirring in methanol with catalytic PTSA at room temperature 
overnight also afforded uncompleted conversion. Optimum conditions were found to 
be stirring in a mixture of methanol and trimethyl orthoformate with catalytic PTSA 
at room temperature for two days (Scheme 26). 
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The. dimethyl acetal (90) required purification on a short silica gel column. Several 
methods for acetal exchange with (-)-(2R,4R)-pentanediol were investigated; none 
proved successful (Table 16). 
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Table 16: Acetal exchange conditions tested on dimethyl acetal (90) • 
. 
Diol Solvent Catalyst ConditionS Result 
(-)-(2R,4R)-pentanediol CHCI, CSA Diol 1.1 eq, 4A MS, rt, 36 h s.m. 
( -)-(2R,4R)-pentanediol DCM PTSA Diol 1.2 eq, reflux, rt, 72 h s.m. 
(-)-(2R,4R)-pentanediol DCM BF,.Et,O Diol 1.5 eq, reflux, rt, 2 h -
(-)-(2R,4R)-pentanediol Benzene ScTfl, Diol xs, reflux Sockslet 4A MS, 12 h s.m. 
Finally, conditions for the successful protection of the aldehyde (86) with H-
(2R,4R)-pentanediol were found: treatment of the two components in dry DCM with a 
catalytic amount of BF3.Et20 overnight at room temperature gave a 61 % yield of (91) 
(Scheme 27). 
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The problem with these systems lies in the fact that the chiral diol is expensive and 
cannot be used in excess due to the high cost, while the aldehyde is not particularly 
stable and can racemize. 
_ Utilizing the above conditions, both (R,R) and (S,S) diols were used to prepare the two 
diastereoisomeric acetals. The Cbz groups were removed by hydrogenolysis under a 
hydrogen atmosphere and over PdlC catalyst. It has to be noted that the acetals had to 
be recrystallized prior to the hydrogenolysis to avoid any catalyst poisoning by 
impurities. The Cbz groups were removed upon 3 h stirring at room temperature to 
afford the amines in excellent yields. The hydrogenolysis failed in ethyl acetate, but 
was successful in ethanol. There was no sign of acetal exchange to the diethyl acetal 
species, and this method also allowed us to use the amine, without isolation, into the 
mixt step by simply filtering out the PdlC catalyst. In turn, the amines were subjected 
to the standard cyclocondensation reaction and ion exchange with sodium 
tetraphenylborate to provide iminiurn salts (93) and (94) in 18% yields as crystalline 
products (Scheme 28). 
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Both catalysts were tested in the epoxidation of I-phenylcyc1ohexene under the usual 
aqueous conditions; both catalysts promoted complete conversion in only 30 minutes 
reaction time. The isolated yields of epoxide ranged between 38-42%, while the ees 
were disappointingly only 3 and 9% for catalysts (93) and (94) respectively. 
Having established that these types of catalysts are very active, the magnitude of the 
ee suggested the use of a different acetal. For this reason, camphor (95) was chosen as 
the diol precursor for a more rigid chiral acetal. The major difference is that this is no 
longer a C2-symmetric acetal as are dimethyl dioxane species (93) and (94), but two 
different types of alcohol groups are involved (1 ° and 2°). In order to obtain the 
camphor dioI (96), ketopinic acid (62) was reduced with excess LAH for 12 h at room 
temperature, to afford a mixture of exo (96) and endo (97) in 3.5:1.0 ratio as 
crystalline products in 57% yield. Selective crystallization failed to isolate the 
structural 'isomers. 
~OH + ~ 
OH OH 
95 96 97 
'The synthesis was carried on, as for the I,3-dioxane' based catalyst (2), to afford a 
mixture· of acetal catalysts in a 3: 1 ratio. Selective crystallization again failed. 
Carrying out the standard epoxidation test with the catalyst mixture afforded complete 
conversion in 15 minutes reaction time, in 70% yield with 4% ee, Having a mixture of 
catalyst diastereoisomers might give a diminished the ee and makes it difficult to 
determine the enantiocontrolling structural factors. Therefore, to be certain, diol (96) 
was prepared in pure form. Kimura reported the use of L-Selectride® to reduce (1S)-
methyl ketopinate at -78°C to give exclusive formation of the exo (IS,2R)-2-hydroxy 
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derivative.49 First ketopinic acid (62) was converted into the methyl ester (98). This 
was achieved by stirring the acid with thionyl chloride in methanol to give the 
expected methyl ester (98) in 80% yield. L-Selectridi reduction of (98) at -78 QC in 
anhydrous THF, gave the methyl ester with 2° alcohol group occupying the exo 
position (99) in 35% yield (unoptimized). Ketopinic acid itself was not directly 
reduced because the acid group tends to deactivate the boron-based reducing agent. 
Compound (99) was then reduced with LAH to afford the pure crystalline exo diol 
. (96) in 95% yield (Scheme 29).49 
~ soc~ ~ o~OH ~OH MaOH LiB[CH(CH3)C2H~3H LIAIH4·THF - , 80% -7S0C, 35% o OCto rt 
OH 0- 0- 95% OH 
62 Da DD D6 
8cheme29 
The catalyst synthesis was repeated using pure diol (96) and aldehyde (86) in 55% 
yield with the exception that the N-Cbz-protected acetal (100) was an oil and could 
not be purified by crystalliiation. The hydrogenolysis was carried out on the crude 
product, this time using palladium hydroxide and a hydrogenation apparatus. The 
removal of the Cbz group could not be driven to completion; so the crude product was 
used in the next step to yield catalyst (101) in 19% overall yield for the last two steps 
(Scheme 30). 
H2• PdlC 
rt. 8 h 
8cheme3D 
~~~4-0v 0 
101 
. This catalyst (101) was tested under the standard epoxidation procedure with 1-
phenylcyclohexene to promote complete conversion in less than 12 minutes but only 
with 6% ee. Thus, no great change was observed between the pure acetal and the 
mixture of diastereoisomers, which may suggest that the catalyst transition state is 
highly reactive and unselective due to remoteness of the controlling chiral unit. 
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To insure no racemization occurred during these catalyst syntheses, (DL)-
phenylalanine (102) was Cbz protected in 45% recrystallized yield,5o This provided a 
racemic mixture of the N-Cbz phenylalanine (103), and completing the synthetic route 
as shown in Scheme 31 utilizing (-)-(2R,4R)-pentanediol in the acetal generation step 
afforded only the two expected diastereoisomers [106, (S,R,R) and (R,R,R)] in 1:1 
ratio was shown in the IH NMR spectrum. 
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For generation of new chira1 five-membered acetal catalysts (107), (D or L)-DIPT 
appeared as attractive precursors, With aldehyde (86) in hand, tests began on the 
acetalization reactions withL-DIPT, Table 17 lists the conditions used, 
Table 17: Conditions for the acetalization of aldehyde (86) with L-DlPT. 
Tartrate ('q) Catalyst (oq) Solvent Temp. ('C) Time (h) Other conditions 
2 CSA (0.1) DCM Reflux 4 4AMS 
2 BF,.EtzO (".) DCM rt, 12 -
2 BF,.EtzO ("I) Toluene Reflux 24 Dean-Stark 
All above reactions either did not work and the starting material was recovered, or 
they caused its decomposition, Since aldehyde (86) failed to react, transacetalization 
of dimethyl acetal (90) was examined next (Table 18), 
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Table 18: TransacetaUzation conditions tested on dimethyl acetal (90) •. 
Tartrate (eq) Additive ('q) Solvent Temp. rC) Time (h) Other conditions 
L-D1PT (1.00) BF,.Et,O (') DCM O°Ctort 16 
o-DMT (1.00) BF3.Et20 (') Ethyl O°Ctort 8 " 
acetate 
L-DMT (1.00) TiCI'(I) DCM -78°C 1.5 (90) (') 
L-DMT (1.00) BF3.Et,O (3) DCM O°Ctort 16 " 
L-DMT (1.00) CSA (0.1) DMF 60 to 100°C 1 on the Buehi 
L-DMT (1.03) Bu2SnO (I) DCM reflux 16 Dean-Stark" 
L-DMT (\.03) BU2Sn(OCH,), (I) DCE reflux 4 then 2 Dean-Stark" then (90) (I) 
The acetal exchange failed with L-DIPT (108) so a switch to L-DMT (109) was made 
in hope that this less sterically demanding tartrate can rotate to cyclize into the desired 
five-membered ring acetal, but this tartrate with a variety of (Lewis) acids also proved 
unsuccessful. The reaction window is limited because enough of the additive must be 
present to give the required transition state and not to cause the decomposition nor 
racemization of the amino aldehyde (86) or dimethyl acetal (90) starting material. 
cd~~' Ph Ph R,o~ . .Jlo'R CbzHN\H CbzHN~O, 0 OH '" 0 0 0 ~ 
G SPh• 0 
107 0 88 90 108. R=P~ 
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In order to eliminate one of the variables in these reactions, the aldehyde (86) was 
replaced by benzaldehyde and the following conditions were investigated (Table 19). 
Table 19: AcetaUzation tests carried out on model substrate, benzaldehyde. 
Tartrate ('q) Add. ('q) Solvent Temp'rC) Time (h) Other conditions 
L-DMT (\.03) Bu,SnO (I) DCM Reflux 4 
L-DIPT (\.03) Bu,SnO (I) nCE Reflul( 16 TBAB(I) 
L-DMT (\.03) ZnBr, (3) Toluene Reflux 12 Tartrate & ZnBr, (rt) stir 30 min. 
The conditions tested in Table 19 did not afford the desired product. However, 
switching from chiral tartrates to ethylene glycol and using'the original conditions for 
the six-membered ring acetal fonnation afforded the desired five-membered ring 
acetal (11 0) in 95% yield. Moving from tartrate to cyclic diols, which are already in 
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the required confonnation, gave us access to a set of five-membered ring acetals, such 
as (111). Starting with cis-cyclohexene-I,2-diol, the quantity ofBF3.Et20 used had to 
be increased from a few drops to 0.5 equivalent. This caused the reaction to take place 
in 1 h and 84% yield. The product was confinned by single X-ray analysis (Figure 9). 
Ph . 
CbZHN\) 
110· 
Figure 9 
Pinanediol (112), a chiral diol commercially available in both enantiomeric fonns, 
was a precursor for chiral acetals (113) and (114). Figure 10 illustrates the five-
membered ring acetal catalysts that were synthesised using this chemistry. The results 
, 
of aqueous asymmetric epoxidation of l-phenylcyclohexene using these four catalysts 
were also shown. 
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As can be seen from these results, this catalyst family is very reactive, but suffers 
from a lack of enantioselectivity. Catalyst (118) was also tested under the standard 
anhydrous epoxidation conditions using TPPP Oxone™, but afforded poor conver~ion 
(9%) in 30 minutes and low observed enantioselectivity (IO%), compared to the 
results of the aqueous conditions (complete conversion within 3 minutes and 8% ee). 
We next turned our attention to mixed (N,O) five-membered acetals, oxazoIidines 
from readily available R and S-prolinols (S-119) (Scheme 32). Chiral aldehyde (86) 
was subjected to a set of mild conditions for acetal formation using 1.2 equivalents of 
(S)-(+)-2~pyrrolidine methanol (119) in dry DCM (Table 20). 
Table 20: Conditions tested for oxazolidine formation with aldehyde (86). 
Catalyst (mol %) Additive Temp. ("C) Time (h) Product (conl'*. ratio) 
-
4AMS' rt 36 •. m 
TsOH (S) 4AMS rt 24 s.m. 
PTSA (10) - rt 24 1:1 
PTSA (10) - . Reflux 24 2:1 
PTSA(lo) 
- Toluene (110) 4 2:1 
Our initial conditions were unsuccessful.40 Switching the oatalystto PTSA afforded 
\ 
the desired product with a I: I ratio at the new formed oxazoIidine asymmetric center 
marked * in (Scheme 32).53 The reaction mixture was heated at reflux for 24 h, thus 
providing the final ratio of 2: 1. Replacing DCM with toluene and heating at reflux for 
4 h gave the same result. 
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Scheme.32 
In order to investigate matched/mismatched pairs, (R)-(-:)-2-pyrrolidine methanol was 
also treated with chiral aldehyde (86) using the DCM conditions to afford a single 
product in excellent yield (121) (Scheme 33). The hydrogenolysis of the Cbz group 
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took place in 88% yield, but the amine was not isolated for reasons of poor stability. 
Catalyst formation by the usual route afforded a white product in a low 14% yield. IH 
. NMR spectrum did not show the desired iminium peak but still showed the presence 
of the tetraphenylborate counter-ion signals. The epoxidation reaction failed for both 
derivatives of the prolinol compounds. We assume that ring-closure has taken place to . 
give a penta-cyclic compound (122), which indeed fits the data collected (Scheme 
33). 
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For the five-membered oxazolidines one can foresee the same type of ring-closure 
occurring with other derivatives based on ephedrine, therefore our focus was turned to 
other amino acids-acetal system. 
2.15.2 Phenylglycine-based catalysts. 
(S)-(+)-Phenylglycine (123) was Cbz protected using standard chemistry,5o.54 and 
subjected to the same synthetic route as in the phenylalanine chemistry with (-)-
(2R,4R)-pentanediol. It behaved similarly except that the products were mostly oils 
(Scheme 34). The catalysts (129) and (130) were tested in the epoxidation of 1-
phenylcyclohexene under our standard aqueous conditions. 
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rt. 3 h -15 0C,2h aOe,1 h 0 0 96% 0 85% 73% ' 
123 124 125 
Ph. Ph Ph 
.-l . H (-)-(2R.4Rrpentanedld 1.2 eq .-l? . . ... " Hz PdlC .-l.o'· 
CbzHW 1r ,CbzHW 'I . --c,-' --, HzW 'I? .... , 
. 0 BF3·Et20 Cll. 11. 12 h 0 11,3 h 0 
n% n%· 
126 ' 127 128 
Scheme 34 
86 
000 BP," <±>..ly _. .." r "'N' T .. ' ",I 
129 
15 mln, $4'1. yield, 
19'/. ee 
o Ph~ BP," (JCj ll· .. ··' 
931 
Figure 11 
30 mln, 40% yield, 
3'1. ea 
We anticipate that replacing phenylalanine with phenylglycine eliminates an ethylene 
group and places the bulky aromatic phenyl group near the reaction center. The use of . 
. phenylglycine-based catalyst (129) afforded a moderate increase in the 
enantioselectivity with good reactivity and good isolated yields of the epoxides 
(Figure 11). The chiral acetal component had not changed and therefore, the change in 
observed enantioselectivity presumably arises primarily due to the amino acid 
employed. 
For a more direct structural comparison with 1,3-dioxane catalyst (2), threonine is a 
suitable amino acid precursor. Utilizing our well-established chemistry we were able 
to access a simple route to either acetals or oxazolidines. 
2.15.3 Threonine~based catalysts. 
The first step involved Cbz protection of L-threonine (130) and this was carried out as 
described above in 70% yield.54•55 Carrying out a peptide coupling between Cbz-L-
threonine (131) and N-methylhydroxylaIJ1ine or ethylamine afforded the coupled 
products (132) and (133) respectively in excellent yields. Scheme 35 illustrates the 
two possible cyclization routes, which could afford either the desired 2,2-dimethyl~ 
1,3-oxazinane (134) or the undesired 2,2-dimethyl-oxazolidine (135) depending on 
which secondary amine is involved. CSA failed to effect this cyclization, and PTSA 
afforded 10% conversion after 1 h; both reactions were carried out at room 
temperature in a mixture of 2,2-dimethoxy propane and acetone. The Lewis acid 
BF3.EhO afforded excellent yields in 2 h. When R=OCH3 the 2,2-dimethyl-I,3-
oxazinane (134) was isolated in good yields, but when R=Et then an inseparable 
mixture of both products was formed: Therefore, altering the amine/nucIeophile used, 
whether O-methylhydroxylamine or ethylamine hydrochloride salts were used, caused 
variations in the electronic and structural properties leading to the desired 2,2-
dimethyl-I ,3-oxazinane compound. 
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2,2-dimethyl-l,3-oxazinane (134), R:=OMe was subjected to hydrogenolysis followed 
by treatment with 2-(2-bromoethyl)-benzaldehyde and counter-ion exchange with 
sodium tetraphenylborate. This afforded catalyst (136) in 15% yield as shown in 
(Scheme 36). 
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The 2,2-dimethyl-l,3-oxazinane/oxazolidine mixture of (134 + 135), R=Et was 
subjected to the same reaction conditions in the hope that the counter-ion exchange 
would facilitate isolation of the 2,2-dimethyl-l,3-oxazinane iminium salt, but this was 
fruitless. 
(Figure 12) depicts the X-ray crystal structures of catalyst (136) and catalyst (2) for 
comparison. 
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The presence of the Sp2 carbonyl functionality causes flattening of the chair 
conformation, which was expected to influence the enantioselectivity of the catalyst 
(136). Several different approaches were attempted in' order to reduce this amide 
. group. Borane reduction of (133) resulted in a mixture of compounds including 
oxazolidinone (137), (IR signal at 1726 cm·l ) and benzyl alcohol eH NMR signal of 
CH2 at 4.70 ppm) (Scheme 37), arising from cyclization through attack by the 
hydroxyl group. Using LAH in place ofborane was also unsuccessful. 
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In order to eliminate the amide group from catalyst (136) the test reaction (88 to 139) 
(Scheme 38) was carried out. If this 0 to N interconversion was successful, then it 
would be applied to 2,2-dimethyl oxazolidine-derivative (142) which can be easily 
accessed from the reduction of the appropriate 2,2_dimethyloxazolidine-derivatives 
(143) or (144). Recyclization of2,2-dimethyl oxazolidine compound (141) to the 2,2-
dimethyl-I,3-oxazinane, thermodynamically favoured, would provide product (140) 
which lacks the amide functionality. 
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Tosylation of (88) was effected with tosyl chloride and 3 equivalents of triethylamine 
in dry DCM at room temperature for 30 minutes. This was not isolated, but the amino 
alcohol (88) was shown to be consumed by TLC. A suspension of excess O-methyl 
hydroxylamine hydrochloride and sodium hydride, premixed in THF was added. After 
4 h reaction time at 0 °C it was evident that this one-pot reaction was unsuccessful in 
providing compound (139). Prolonged reaction times and heating failed to alter the 
outcome. Changing the base to n-BuLi and carrying out the reaction at -40 °C 
resulted in a mixture of decomposition products, namely the alkene generated by 
elimination (Figure 13) and nucleophilic attack on the Cbz carbamate group. We 
expected that the base would effect the aziridine formation followed by the 
nucleophilic attack of the amine species (Scheme 39). 
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Figure 13 
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In order to gain insight as to what step was failing in this one-pot process, the reaction 
was carried out stepwise. Tosylation afforded (138) in 53% yield. When using 2 
equivalents of n-butylamine in toluene or as the solvent, under Dean-Stark conditions, 
(138) failed to reactwith the amine (Scheme 40).55 LHMDS was also tested as a base 
for this reaction using 1.1 or 2.1 equivalents and -40 QC to heating at reflux 
temperature in THF. Either no reaction or decomposition was observed, with BnOH 
as one of the identified products. 
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Taking a step back, we decided to utilize the familiar Weimeb chemistry either to 
eliminate this troublesome amide carbonyl group or to make use of it. N-Cbz-L-
threonine (131) was transformed into the Weimeb amide (145), and LAH reduction of 
this afforded a mixture of unreacted starting material (145) and desired aldehyde 
product (146). The free hydroxyl group was taken into consideration and using 0.75 
or 2 equivalents of LAH gave the same result (Scheme 41). Higher temperatures and 
moreequi~alents of LAH were avoided in order avoid over reduction of the desired 
aldehyde to its respective alcohol. 
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Therefore, Weinreb amide (145) was protected as the 2,2-dimethyl oxazolidine (147) 
using the Lewis acid BF3.Et20 and a mixture of acetone/2,2-dimethoxy propane in 
88% yield. Reduction to aldehyde (148) was achieved with 0.5 equivalent of LAH in 
a yield of73% (Scheme 42). 
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With aldehyde (148) in hand~ we tested a reductive amination reaction, whereby, as 
shown in Scheme 43, O-methyl hydroxylamine hydrochloride as a solution in 
methanol, was added at 5 °C followed by the dropwise addition of sodium 
cyanoborohydride,56 Column chromatography provided only the 2,2-dimethyl oxime 
oxazolidine (150) (Scheme 43) eH NMR signal for OMe at 3,80 ppm and HC=N at 
6.54 ppm} and benzyl alcohol. 
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Oxime ether 2,2-dimethyl oxazolidine (150) (Scheme 44) was prepared by the 
condensation reaction of O-methyl hydroxylamine hydrochloride and sodium 
hydroxide dissolved, in methanol, in 90% yield of both expectedE and Z isomers.57 
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Reduction of the oxime ether group in (150) with 1.2 or 2.2 equivalents of DIBAL at 
-78 °C to room temperature failed to afford the desired product (149). 
We decided to make use of this by targeting 2,2-dimethyl-I,3-oxazinane compound 
(151). When compared to 1,3-dioxane catalyst (2) we can see the potential advantages 
with the extra methyl unit on the opposite face. To provide steric bulk on the opposite 
face of the iminium bond. 
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In order to reach this target catalyst (151), one can envisage the retro-synthetic route 
(Scheme 45) where catalyst (151) is obtained from the Cbz protected 2,2-dimethyl-
1,3-oxazinane (152) which in turn can be accessed by opening the five-membered 2,2-
dimethyl oxazolidine (153) and recyclizing it into the thermodynamic six-membered 
2,2-dimethyl-l,3-oxazinane (152). Starting from oxime ether (148), attempts at 
alkylation with phenyUithium58 were tested under a variety of conditions (Table 21); 
none proved successful. 
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Table 21: Conditions attempted for oxime ether (148) alkylation. 
Temp rC) Time (h) Observed products' 
-12 4 Decomposition; BnOH; Aldehyde 
-70 1 Some decomposition of s.m. 'and no target product 
-70 3 More decomposition of S,m. and no target product 
-78 1 Decomposition and no target productl 
I .. All reactions were done In freshly dlSlilled dry dlethyl ether. USing reverse addllion [PhLi to (148)], 
The carbamate Cbz protecting group was found to be susceptible to the reagents used 
in the above mentioned transformations. A possible solution would be to change the 
Cbz protecting group to an allyl one. Wilkinson's catalyst could be used for the 
deprotection. Compound (147) was subjected to the hydrogenolysis to afford product 
(154) in 95% yield (Scheme 46). The reaction with allyl bromide gave a disappointing 
5% yield of product (155).59 
93 
~ __ Cbz 0 
. 1 N>.,,,~ / 
-\,-0 
147 
H, PdlC 
rt,3 h 
95% 
Scheme 46 
A1lyIBr(I.leq) 
(Pr'},NEt 
110 "C, 8 h 
5% 
HN~' 
HOY""fO 
/N .... O ........ 
155 
Therefore, in order to achieve the selected targets (140) and (152), the s}TIthesis must 
begin with allyl protected threonine, but this was not attempted because during this 
research catalyst (156) was also prepared in our laboratories. It is also derived from 
Cbz-L-threonine, and was tested in the' standard aqueous epoxidation of 1-
phenylcyclohexene, by an undergraduate student. 10 mol% of catalyst (156) afforded, 
in 20 minutes, the corresponding epoxide in 70% yield but no enantioselectivity was 
obtained.60 
r{~)'~ VC . 
156 
From the result obtained with catalyst (156) with only the chiral methyl on the ring, 
we can deduce that the catalyst derived from amine (140) (Scheme 38) would not 
have shown high enantioselectivity. 
2.16 (S)-1,2,3,4-Tetrahydroisoquinoline carboxylic acid as catalyst source 
Commercially available (-)-(S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid 
(157) proved to be an excellent starting point for the' s}TIthesis of iminium salt 
catalysts with an alcohol directing group (162). We hoped that the oxygen transfer 
. from Oxone™ could be directed by the hydroxyl substituent to one face of the 
iminium double bond to form one oxaziridinitim species. In addition, during the 
epoxidation process, the opposite face would be sterically blocked as well (Scheme 
47). 
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The C3 isoquinoline clural center marked * in Scheme 47 is already established as 
being (S) in the amino acid (157). We chose R to be a methyl group for simplicity, 
prepared by a method for synthesis of (S)-2-methylproline (166) reported by 
Seebach6.1 (Scheme 48). All attempts to cyclize the carboxylic acid and the secondary 
amine with pivaldehyde, to produce the tricyclic species (158), using trifluoroacetic 
acid in pentane, under Dean-Stark trap for 144 h, failed. This was due to lack of 
solubility of starting material (157). 
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The authors reported that their cyclization product (164) is moisture sensitive and 
decomposed upon isolation. Precautions were taken to avoid air exposure by filtration 
under nitrogen atmosphere. The authors also indicated that "when higher boiling 
solvents such as cyc10hexane are used, the reaction is completed earlier, but the side 
products can be detected that are difficult to remove from the reaction mixture and 
that· tend to catalyse the decomposition of the desired product".61 In our case, also 
avoiding air exposure, toluene gave better solubility at higher temperatures, IH NMR 
spectrum showed decomposition of the starting material (157), and none of the 
desired product. 
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The cyclization was attempted in order to facilitate the alkylation at the C3 
isoquinoline position, by blocking the two more acidic positions and to provide 
stereocontrol by inducing alkylation at the available concave face of the bowl shaped 
like structure (158), as shown by the molecular model in Figure 14. 
A~lIable face for alkylation I 0 ~o 
158 J\ 
Figure 14 
An alternative procedure was envisaged (Scheme 49). If imine (167) was generated 
first, then, because the alkylation would be carried out under basic conditions, 
cycJization could occur to favour the cyclic amine (168) over the imine (167), thus 
giving rise to a potential alkylation substrate (169). 
o 0 ~OH_ ~OH===,= ~~H ~~ 
157 187 168 189 
Scheme 49 
Treatment of (157) with manganese dioxide in toluene at room temperature with 
vigorous stirring gave no reaction after 3 h, again perhaps due to lack of solubility of 
the starting material in toluene. To overcome the solubility problem, converting the 
carboxylic acid functional group to the trimethylsilyl ester would render it more 
soluble. The 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (157) was suspended in 
toluene with HMDS, heated at 60 QC for 1 h. No reaction was observed, with 0.5 or 1 
equivalent ofHMDS (Scheme 50). 
o 0 0 
~OH_~O-S< _~OH ~~H ~~H ~~ 
157 170 187 
Scheme 50 
Barlos reported using HMDS in preparing similar amino esters, carried out in THF.62 
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1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid (157) was therefore suspended in 
THF with HMDS and heated at 60°C for 1 h, followed by treatment with manganese 
dioxide in hot THF. The suspension was heated for an additional 1 h but no reaction 
was observed. It became apparent at this stage that the reduction of the carboxylic 
acid group to the alcohol group was the first key step in the synthesis of catalyst (173)' 
(Scheme 51). The amino alcohol (171) was expected exhibit better solubility profile. 
o ~OH_~OH_ ~OTMS ~~H ~NH ~N' 
157 171 172 
Scheme 51 
Reduction of (157) was achieved by using LAH to give 84% yield of the alcohol 
(171), as reported by Laschat63 (Scheme 52). They performed reduction of the same 
1,2,3,4-tetrahydroisoquinoline carboxylic acid (157) with LAH to the alcohol (171), 
which indeed proved to be more soluble in organic solvents than the carboxylic acid 
precursor (157). 
o ~OH~~OH ~~H. 84% ~NH -
157 171 
Scheme 52 
Byfollowing the route of Takaya for the same isoquinoline derivative,64 the alcohol 
(170) was protected as the trimethylsiloxy species first, followed by oxidation of the 
benzylic position to furnish 3,4-dihydroisoquinoline. Under the acidic (HBr) reaction 
conditions, the TMS group was cleaved, and thus treatment with TMSCI was repeated 
to afford (172) in 66% yield (Scheme 53). The re-protection of the alcohol was 
necessary because the next step requires the methylation of the nitrogen, otherwise 
oxygen alkylation will occur additionally. Nakanishi, in the synthesis of isoquinoline 
alkaloid derivatives, reported the high reactivity ofmethyltriflate for N-methylation.65 
We carried out the methylation, followed by in situ deprotection of the alcohol with 
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HBr and counter-ion exchange, to yield the desired tetraphenylborate iminium salt 
(173) as depicted in Scheme 53. 
C(X'0H 
I) TMSCI. Et,N 
cc:::rO™S 
I) CH,OTf CCCOH IQ NCS. KOH. B14NI 11) HBr I<il "" NH iiI)TMSCI, Et3N ~ ",N Ill) NaBPh. "" ""N El 0' BPh< 
171 66% 172 15% 173 
Schem.53 
. This catalyst (173) was tested under the standard aqueous asymmetric epoxidation 
conditions with I-phenylcyclohexene, as the. alkene substrate, and provided complete 
conversion in less than 1 h. The epoxide was isolated in 72% yield but no 
enantioselectivity was observed. 
We considered that an additional substituent at C3 isoquinoline position might have a 
beneficial effect on the enantioselection. In order to effect the second methylation, 
derivative (174) was required. The first step was to cyclize the alcohol; this is 
believed to be an equilibrium that depends on the pH of the reaction medium. Under 
basic reaction conditions, we assume the cyclized form to be the predominant species 
(Scheme 54). 
Base 
Acid 
8cheme54 
174 
The iminium salt was dissolved in MeCN at room temperature and to it, 3 equivalents 
of an aqueous solution of sodium carbonate was added. The pH was measured to be 
above 10, by pH paper. The cyclized material could not be isolated and appeared to be 
ring opening upon attempted isolation. Therefore, direct oxidation to the lactone by 
ruthenium trichloride and sodium meta-periodate oxidation, as shown in the work of 
Jung was attempted on our crude product.66 Jung oxidized a tetrahydrofuran ring to 
the lactone. The IR spectrum showed signals at 1710 and 1683 cm-I, which could 
corresponds to ketone and alkene respectively, but the 1 H NMR spectrum was not 
conclusive. The ketone could be present at the benzylic C4 isoquinoline position 
(175). 
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Cyclization is essential before the desired oxidation can be achieved. The lactone 
. fonnation was also attempted using sodium hydride, followed by the same oxidation 
conditions (Scheme 55). Howeyer, it also proved unsuccessful. Under the oxidation 
conditions, a mixture of products would arise (the iminium aldehyde or even the 
acid). 
NaH" 
10 min. [CelL] 
174 
Scheme 55 
RuC~. Nal04 
MecN:CC4:H,J< 
1.0: 1.0: 1.5 
176 
In order to overcome the rotation about the chiral amine moiety and the 
isoquinolinium nitrogen (N-R *), shown in section 2.6, the new catalyst family was 
required to be more rigid. This can be achieved by different methods, the most 
obvious choice being adding an extra ring. We thus envisaged a new catalyst family 
having the following basic structure (177). 
C:CCo e ® \ BPh, 
in R-
The amino alcohol precursor (171) was already available. The first aldehyde to be 
~sed was pivaldehyde. Conditions of Mulzer were tested, 67 taking into consideration 
that pivaldehyde boils at 75°C. Therefore, high temperature azeotropic conditions 
were avoided. Optimum conditions were found to be, a gentle reflux in dry DCM with 
a catalytic amount of PT SA for 20 h (Scheme 56). 
~OH 
~NH 
171 
Plvaldehyde 
PTSA.20h.A 
74% 
Scheme 56 
The stereochemistry of compound (178) was established by NOE and COSY NMR 
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studies. An X-ray structure was also obtained, verifying the product structure (Figure 
IS). 
C7 OX{o 
178 A-
Figure 15 
Due to the high cost of synthesised compound (178), and due to the availability of 
compound (179) (Scheme 57) in the group at the time. It was used as a model 
compound; protection of the hydroxyl group, as the benzyl group, would render it 
suitable for testing the iminium bond generation step. Table 22 shows the conditions 
tested for the benzylation reaction. 
• 
Table 22: Reaction conditions tested for the benzylation of compound (179) • 
BnBr ('q) Base (oq) Additive (mow.) • Comment 
(1.01) NaH (1.01) K,CO, (10) Sluggish, mixture of S.m. and product after 24 h 
(1.00) NaH (1.01)' B14N+r (I) rt; 75% conversion' after 24 h 
(1.20) NaH (1.'0)' Bu,N'r(l) rt; 83% conversion' after 24 h 
(1.20) n-BuLi (1.'0) - 100% conversion' and 83% isolated yield 
--'-
.. . All reactions were earned out on 1 eq of (179) III 11IF and arranged accordmg to addition order. Alkoxlde formed In refluxmg 
THF for I h. C DeteTmined by 'H NM~ spectroscopy by the ratio of product to s.m. 
In the benzylation reaction, attack of benzyl halides was unexpectedly sluggish, even 
. after forming the alkoxide with sodium hydride. Finklestein conditions improved the 
reaction but not to the desired yield.68 Due to the lack of any other acidic protons or 
carbonyl groups in compound (179), n-butyl lithium was found to be the best method 
(Scheme 57). 
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I) Bull. _78 oC. 10 mln 
il) BnBr. rt, 2 h 
83% 
Scheme 57 
00 .... " (Y').""O~ V 180 ~ 
In the work of Wanner the use of electrolyte (CH3)4WBF3- was reported for the 
anodic oxidation of a similar isoquinoline compound.69 More relevantly, DeCosta and 
Radesca reported the use of triphenylcarbenium tetrafluoroborate for hydride 
, , ' 
abstraction from an isoquinoline (Scheme 58).70 
Scheme 58 
We, proceeded to generate a similar reagent by dissolving triphenylmethyl chloride ' 
and sodium tetraphenylborate in MeCN. The solution turned lime in colour. 
Anhydrous magnesium sulphate was also added to encourage sodium chloride 
precipitation and maintain the dryness of the medium. The reaction became light 
orange colour. this mixture was then added to a solution of (180) and stirred over the 
weekend. It failed to give the desired product, even when the reagent synthesis was 
repeated, this time without the MgS04 addition, but with cooling under inert 
atmosphere and only using the supernatant for the reaction (Scheme 59). 
00, .... , 
riV").·'''O' V '180 I h 
(PhhC'BPhi X 
Scheme 59 
(Yl 0 ~~ ..•• ",BPh~ 
riV""""O V 183 I ~
Mohrle has reported several routes for the hydrogen abstraction reaction mostly 
revolving around the use of mercuric EDTA. We were interested in their use ofNBS. 
for the same purpose.7l All attempts usingNBS however generated mixtures of 
products, perhaps due to a poor choice of protecting group (Bn), which could undergo 
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bromination at the benzylic positions. Further treatment of this mixture with TBAl 
. under basic conditions failed to improve the situation. Iodine-mediated· oxidation of 
tetrahydroisoquinoline (180) showed an iminium peak at 9.24 ppm in the. IH NMR 
spectrum (Scheme 60). 
co .... ,, 
r0r')""O V 180 I h 
12• KOAc 
Scheme 60 
We decided to move on to compound (178) and test these conditions.72 Under these 
conditions, however, the oxazolidine proton was removed rather than the benzylic 
proton due to its higher acidity (Scheme 61). 
'ccPe 
185 <±l A-' 
Scheme 61 
Compound (185) failed to catalyse the standard aqueous epoxidation reaction. NBS 
was tested on (178); using either chloroform or MeCN as a solvent gave the bromide 
salt version of (185) plus .other products, in which the bromine appeared to be 
attached to the molecule as shown by the presence of lM'")296 and [M+2+) 298 in the· 
mass spectrum. Attempted kinetic deprotonatiori of the benzylic proton of (185) with 
n-BuLi at -78°C in THF and trapping with NBS led to oxazolidine ring opening of 
(185). Replacing NBS with methyl iodide failed to afford the desired iminium salt and 
only starting material was retrieved. Instead ofthis deprotonation route, we decided to 
remove this higher acidity proton by replacing pivaldehyde with pinacolone (Scheme 
62). 
~OH Pinacolone ~NH 
171 
CCQ/ 
186 I f' 
Scheme 62 
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Generation of the oxazolidine ring from a ketone is difficult due to their high 
tendencies for hydrolysis. Several different methods were tested including (pPTS, 
PTSA, scandium triflate, 4A MS, Montmorillonite clays). In order to increase the 
reactivity of pinacolone, it was converted to the dimethyl acetal using catalytic 
H2S04, trimethyl orthoformate and Amberlyst® 15 in methanoi.73 This reaction was 
slow, .and after three days only 50% conversion was obtained. Without isolation it was 
used in the oxazolidine reaction with BF3.Et20 catalysis. All these attempts failed to 
afford desired product (186). Switching the substrate from pinacolone to 
acetophenone or acetophenone dimethyl acetal allowed the use of higher boiling 
azeotropic reaction conditions; none proved successful. Only when boric acid was 
added to the mixture was oxazolidine (186) observed among the black gum. 'H NMR 
spectrum showed the desired oxazolidine,in a 1:1 ratio of both diastereoisomers, and 
this was supported by a mass spectrum~ but the low yield made this route unpractical. 
Structure (187~ remains an attractive target catalyst family. However, even if a 
solution presents itself for this penultimate step, the question of generating the desired 
iminium salt without compromising chiral proton at C3 isoquinoline position remains 
unanswered. 
CO-::0 
<±> ('R' 
187 R 
e 
2.17 (S)-(+)-Naproxen as catalyst source 
In our search for new catalyst, (S)-(+)-2-(6-methoxy-2-naphthyl)propionic acid 
(Naproxen) (188) presented an excellent precursor for the Bischler-Napieralski 
isoquinoline synthesis.74 A short route was devised whereby (-)-IPC would constitute 
the amine substituent (Scheme 63). 
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'0 
(-)-IPC, EOCI i ~ 
OIPEA ~.Xi\-'" ," 
HOBlorHOABt ........  0 (, 
85% .0 . 
(CH,hS.BH, 
12 h,L\. 
78% 
188 
~~,:(?, 
'O~ ~ 
190 
POCI, 
-1 h,L\. 
94% 
NMM, EOCI, HCO,H 
o °C to rt 12 h 
54% 
Scheme 63 
189 
~ 0yH 
. ~N""r?1 
'O~ ~ 
191 
Enantiomerically pure (S)-naproxen (188) was coupled to (-)-IPC using HOBt to 
reduce racemization in the carbodiimide peptide coupling.75 This nonetheless 
compromised the. asymmetric centre, marked * in (189), causing a loss of 
, 
stereochemical integrity toa 9:1 ratio of diastereoisomers. Switching to HOABt gave. 
20: 1 ratios. The mechanism of this peptide coupling is presented in Scheme 64, 
whereby the activated ester generated from HOABt and naproxen can guide the 
incoming amine [(-)-IPC] through hydrogen bonding to the pyridine nitrogen of 
HOABt, thereby minimizing racemization. 
HOABt~actlvated ester 
189 
Scheme 64 
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The mixture of diastereoisomers was recrystallized and consisted only of a single 
compound with the required stereochemistry. Reduction of the amide carbonyl group 
in (189) was carried out using borane-dimethyl sulphide complex and heating under . 
reflux was necessary to complete the reaction overnight. The hydrochloride salt of 
(190) was isolated to simplify purification, and only a single diastereoisomer was 
isolated. The formylation step required that compound· (190) to be de-salted by 
triethylamine in DCM and to this a solution of EDCI, NMM and formic. acid pre-
stirred for 15 minutes was added in two batches with a 6 h time difference between 
the additions. This resulted in a mixture and the product (191) had to be purified using 
a silica gel column chromatography, ensuring minimum contact time with the silica. 
The Bischler-Napieralski cyclization required 36 equivalents of phosphorus 
oxychloride, but was carried out for no longer than 1 h at lower temperature, 60°C as 
opposed to 110 °C in xylerie the standard choice.74 Purification of catalyst (192) 
. proved to be problematic, and the counter-ion exchange with sodium 
tetraphenylborate failed, possibly due to the high excess of phosphorus oxychloride 
used. Therefore, the compound was isolated as an oil and was left under high vacuum 
until it solidified slowly over 6 to 8 h. A IH NMR spectrum of the crude sample was 
obtained and after a period of 24 h was run again, and no change in the sample 
spectrum was observed. Only the expected product (192) was obtained. Testing this 
. catalyst (192) under our standard aqueous asymmetric ·epoxidation conditions 
afforded complete conversion of I-phenylcyclohexene to the epoxide in 1 h with 23% 
ee. With triphenylethylene as substrate only 10% conversion was obtained after 4 h, 
with 14% ee. 
This route was repeated as in Scheme 63 but changing the amine moiety (Scheme 65). 
Catalyst (197) was prepared from (+)-IPC (193) to· test a matched/mismatched 
situation while catalyst (202) was synthesised in order to carry out a catalyst family 
comparison reported in section 2.18 of this thesis. Asymmetric aqueous epoxidation 
conditions with catalyst (202) resulted in 30% conversion after 80 minutes reaction 
time with racemic I-pheny1cyclohexene oxide product. 
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Scheme 65 
Catalyst (197) required (+)-IPC (193) and was synthesised using the same conditions 
in similar yields. Testing under same reaction conditions with I-phenylcyclohexene 
gave 95% epoxide in 15 minutes with 24% ee, of the same configuration as that 
obtained by catalyst (192). 
Other related backbone catalysts were synthesised by the group and the tests with 1-
phenyICyclohexene under our standard aqueous epoxidation conditions are 
summarized in Table 23.76 . 
Table 23: Related catalysts and their epoxidation test results. 
)CO G /' 1 '" PO,cl, . <±> Catalyst ....... ..-::...-:: NyPh 
~ . 
Alkene 
203 
G 
G? po,CI, 1// ""m:..Gt-. 1 . "., // 204 ' 
Converslon% Converslon% ee% 
o after 1 h 100 after 1 h 0 
From these results, we can deduce that the naproxen b~ckbone is essential for the 
chiral oxygen transfer, but does not directly cause the enantioselectivity. This was 
shown in catalyst (202) where this amine failed to be selective in any of the catalyst 
families synthesised, thus the backbone alone did no determine the enantioselectivity. 
In the case of the (+I-)-IPC catalysts, (192) and (197) respectively, the 
conformational lock of the catalyst structure due to the interaction of amine moiety 
and the chiral methyl group present in naproxen, marked * in (189) in Scheme 63, 
determined the enantioselectivity in the epoxide product, because when compared 
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with catalyst (204). (Table 23), complete conversion was obtained but with no 
selectivity in the oxygen transfer, using an (-)-IPC amine moiety. 
2.18 Catalyst backbone comparison 
(+)-R-Phenyl ethyl amine (198) was chosen as a simple chiral amine for the synthesis 
ofthe three catalyst families to compare the effect of the backbone unit, whether it is 
dihydroisoquinoline, dibenzazepine or naproxen-based, in our standard aqueous 
asymmetric epoxidation system. The structures of the catalysts are depicted in Figure 
16. It should be noted that, fo~ naproxen-based catalyst (202), the counter-anion 
exchange with sodium tetraphenylborate failed, thus, the salt was used as isolated. 
The results of the epoxidation of. I-phenylcyclohexene under aqueous conditions are 
presented in Table 24. In all the cases, no selectivity was observed. The difference in 
these systems is the rate of reaction, where the dibenzazepinium family displayed the 
highest turnovers, while the dihydroisoquinoline family was intermediate in 
comparison and the naproxen family was the slowest: 
if 
Ph 
cs~ I + 7 e '>.. I BPh, ~.1 BPh, 
205 206 202 
Figure 16 
Table 24: I-Phenylcydohexene epoxidation results for comparison. 
Catalyst Conversion (%l Time (mln) Selectivity 
205" lOO 4S Racemic 
206 100 100 Racemic 
202 30 80 Racemic 
10 rnol% cat. loadmg, Oxone™ 2 eq, Na1CO) 4 eq. MeCN/H~. at 0 QC 
and conversion measured by ratio of epoxide to alkene in IH NMR spectrum. 
In order for any such comparison to be strictly accurate, all the counter-ions should be 
. . 
identical. Therefore, further work needs to be done. Chiral recognition is the result of 
the structural interaction between the chiral unit, including the iminium-containing 
backbone, with the oxidant to generate the active oxaziridinium species. In the second 
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phase, the approach of the incoming alkene substrate for the oxygen transfer step is 
dictated by both the catalyst conformation and the reaction kinetics, determining the 
degree of enantioselectivity between the two prochiral faces ofthe olefin. 
2.19 Conclusion 
This research project revolved around the synthesis of organocatalytic mediators for 
asymmetric oxygen' transfer to organic substrates, based, on the group's previous 
successful results in employing cyclic iminium salts with a chiral component resident 
on an exocyc1ic nitrogen substituent. 
Utilizing commercially available primary amines, including natural amino acids and 
derivatives of rigid structures such as camphor, as starting compounds for the 
synthesis of the chiral moiety attached to the iminium nitrogen allowed us to 
investigate both steric and electronic effects in these catalysts. 
Of the various iminium salts prepared in the group, 2,2-dimethyl-l,3-dioxane-based 
catalysts (2) and (58) proved to be the most successful, and were tested under both the 
standard aqueous epoxidation conditions and our newly developed anhydrous 
conditions. 
The applicability of catalyst (2) for asymmetric oxygen transfer to functionalized 
olefins ,and sulphides was also explored. 
2.20 Future work 
As indicated in section 2.10, work relating to the new anhydrous conditions is still 
being investigated and requires optimization of the various reaction parameters, A 
detailed variable temperature IH NMR spectroscopy can now be carried out in the 
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. monophasic anhydrous system and will be valuable in the search for the reactive 
intermediates of these iminium salts. 
Issues to be addressed in detail regarding catalyst structure include the synthesis of 
the anti-version of catalyst (2) (Figure 17). This, depending on the conformation 
adopted, could have an immense advantage if the phenyl group further sterically 
hinders one of the faces of the iminium bond. Another aspect being researched is the 
effect of substitution on the phenyl group of catalysts (2) and (58). Synthesis of the 
BINAP version (210) of catalyst (58) is currently being established . 
. () 
0 BPh,1:J (l)N 
,-Eod 
r j(Ph 208 
-
Figure 17 
o BPh, 
One of the most essential aspects yet to be dealt with is the rotation about the N-R· 
bond in all of these. catalytic structures, which we had hoped to resolve using· a 
catalyst family based oil structure (187). 
GC:r:)0 0 BPh, 
o I' 
187 . R R' 
Finally, there is a need for carrying out molecular modeling and computation on these 
systems, in hope to shed some light on their structure-selectivity relationships. 
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Chapter· Three 
Experimental 
3.1 Purificationofreagents, compounds and solvents 
Commercially available reagents were used as supplied, without further purification, 
unless otherwise stated. Air and moisture sensitive compounds were stored· in a 
desiccator over self-indicating silica pellets, under a nitrogen atmosphere. 
Flash chromatography was carried out using Merck 9385 Kieselgel 60-45 (230-400 
mesh) and hand bellows to apply pressure to the column. Thin layer chromatography 
(TLC) was carried out on aluminium plates coated with silica gel layer of 0.25 mm 
thickness, containing fluorescent. Compounds on this material were visualized by DV 
radiation at wavelength of 254 nm, or stained by exposure to an ethanolic solution of 
phosphomolybdic acid, (acidified with concentrated sulphuric acid) followed by 
charring where appropriate. 
Light petroleum ether (bp 40-60 cC) was distilled from calcium chloride prior to use. 
Ethyl acetate was distilled over calcium chloride. Dichloromethane (DCM) was 
distilled over phosphorus pentoxide. Tetrahydrofuran (THF) was distilled under 
nitrogen atmosphere from the sodium/benzophenone ketyl radical or from lithium 
aluminium hydride (LAH). 
3.2 Preparation of glassware 
Highly air and moisture sensitive reactions were carried out using glassware that had 
been dried overnight in an oven at 240 cC. These were allowed to cool in a desiccator 
over self-indicating silica pellets, under nitrogen atmosphere. The reactions were 
carried out under a slight positive static pressure of nitrogen. 
3.3 Elemental analyses, optical rotation measurements and melting points 
Microanalyses carried out at the Loughborough University were performed on a 
Perkin Elmer Elemental Analyzer 2400 CRN. In case the micro analysis exceeded the 
+ o~ -0.3 the NMR spectra did not contain any impurities. 
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Optical rotation values were measured with an Optical Activity-polAAar 200 I 
instrument, operating at A.=589 mn, corresponding to the sodium line, (D), at the 
temperatures indicated. The solvents used for these measurements were of 
spectrophotometric grade. The solutions for these measurements were· prepared in 
volumetric flasks for maximum accuracy of the volume of the solvent used. All values 
are given in 10-1 deg cm2 g-I. 
Melting points Wf:re carried out on an Electrothermal-IA 9100 and are uncorrected. 
3.4 Infrared and mass spectra (IR and Mass Spec.) 
Fourier transformed infrared absorption spectra were recorded on a Perkin Elmer 
FTIR spectrometer Paragon 2001 instrument in the range of 4000-600 cm-I. Solid 
samples were run as nujol mulls on soditim chloride discs or as thin films of their 
solution in DCM. Liquid samples were run neat on sodium chloride discs. React IR 
experiments were carried out at AstraZenecalChamwood on an ASI React IR 1000 . 
system. 
Mass spectra carried out at Loughborough University were recorded on Cratos MS-80 
or Jeol-SXI02 instruments using electron impact (EI), ionization technique. Le-MS 
samples were run on A Waters 2790 HPLC system with UV detection coupled to a 
Waters ZMD Quadrupole mass spettrometer at AstraZeneca Chamwood. 
3.5 Nuclear Magnetic Resonance 
Proton nuclear magnetic resonance spectra were recorded on Bruker AC 250 and 
Bruker DPX 400 at Loughborough University, operating at 250.13 and 400.13 MHz 
respectively. The experiments were conducted in deuteriated solvents with 
tetramethylsilane (TMS) as the internal standard. Multiplicity were recorded as broad 
signals (br. s), singlets (s), doublets (d), triplets (t), quartets (q), quintets (quint), 
doublet of doublets (dd), doublet of triplets (dt), doublet of quartets (dq), triplet of 
doublets (td), doublet of double doublets (ddd), and multiples (m). 
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Carbon-13 nuclear magnetic resonance spectra were recorded on a Bruker AC 250 
and Bruker DPX 400 at Loughborough University, operating at 62.86 and 100.62 
MHz respectively. Tetramethylsilane or acetonitrile was used as the internal standard. 
DEPT, NOE and COSY analyses were recorded on a Bruker AC 250 and Bruker DPX 
400 at Loughborough University. 
IH NMR and I3C NMR used at AstraZeneca Chamwood are Varian Unity-Inova 300 
(operating at 299.93 MHz for proton-1 detection and 75.42 MHz for carbon:13 
detection) and Varian Unity-Inova 400 (operating at 399.97 for proton-1 detection and 
100.57 MHz for carbon-13 detection) high-resolution spectrometers at a probe 
temperature of25 °C. 
3.6 Determination of enantiomeric excesses (NMR, Chiral HPLC) 
Enantiomeric excesses were determined by either proton nuclear magnetic resonance, 
eH NMR), or by Chiral High Performance Liquid Chromatography, (Chiral HPLC). 
. , 
The proton nuclear magnetic resonance spectra were recorded in deuteriated 
chloroform on Bruker AC 250, operating at 250.13 MHz, in the presence of tris-[3-
(heptafluoropropylhydroxymethylene )-( +)-camphorato] Europium(III), [( + )~Eu(hfc )3], 
as the chiral shift reagent and tetramethylsilane as the internal standard. 3-5 mol % of 
tlie chiral shift reagent was used, depending on the substrate and concentration of the 
solution used. In no case, however, did the total mass of the chiral shift reagent used 
in,each of the IH NMR experiments exceed 10 mg due to the par~agnetic properties 
of Europium(III), which may compromise data through line broadening. 
The chiral columns used for the determination of enantiomeric excesses (ee), of non-
. racemic mixtures of enantiomeric compounds by chiral HPLC, were Chirace1 OD or 
Chiracel OJ on a TSP Thermo-Separating-Products Spectra Series P200 instrument, . 
with a TSP Spectra Series Dv100 ultra-violet absorption detector and a Cromojet 
Integrator or a Hewlett Packard HP 1050 system fitted with UV detection 
(AstraZenecalChamwood). For the epoxides examined, the solvent system used was 
hexane/isopropanol (90: 1 0), operating at a flow rate of 0.50 ml per minute, (pump 
pressure equivalent to 100-135 psi), with the UV detector set at 254 nm. Both solvents 
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used for these measurements (hexane and isopropanol) were ofHPLC grade. 
All the configurations of the chiral epoxides were determined by literature 
precedent. 77 
3.7 Numbering systems 
The assigurnents of the proton and carbon-13 resonance have been made according to 
numbering systems. Some of those systems used are .~. standard in chemical 
nomenclature while others were introduced arbitrarily by the present author. In the 
latter cases, the introduced system was based on the structural resemblance of the 
compounds'with others that possessed a formal numbering system. 
3.7.1 Camphor. 
Carbon and hydrogen atoms are numbered according to the standard system so that 
. branched positions bear the smallest possible number. The carbon atoms that are at 
ring junctions are termed "bridgehead". For camphor, the terminology exists for the 
hydrogen atoms which are syn or anti to the bridge (exo and endo respectively) 
(Figure 18). Quaternary carbons are designated C quat. in the assigurnent. 
Figure 18 
3.7.2 Aromatics. 
Aromatic systems are also numbered according to the. standard protocol. Note that 
aromatic carbon atoms, bearing a substituent, are termed ipso and they are always 
quaternary (C quat. arom.). All other aromatic carbon atoms that are attached to a 
hydrogen atom are termed C arom. (13C NMR spectra) or CH arom eH NMR 
spectra). The dihydroisoquinolinium nucleus is also numbered according to a standard. 
system, but below, the carbon atoms of this moiety are termed isoq except for those in 
the dimethylene parts, which are designated ArCH2 and CH2N in the assigurnent. In 
case of the primary alcohol then (isoq-3) becomes a CHN and the methylene group is 
Iabeled as CH20H. The same rules apply for the tetrahydro- adducts of 
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dihydroisoquinolinium salts derived from intramolecular cyclization by nucleophilic 
attack of a hydroxyl group (Figure 19). 
Figure 19 
3.7.3 Miscellaneous. 
Some of the systems described in this section that follows have been numbered 
empirically. In these, assignment of the hydrogen atoms has been made according to 
the substituents on the carbon atoms that they are attached to. 
This method has been applied to systems where the fragment bearing the atoms in 
question (both carbon and hydrogen) can be recognized unambiguously by the 
description of the neighboring groups (usually employed for amino acid and amino 
alcohol derivatives). Examples are given bellow. 
For camphor-derived dihydroisoquinolinium salts, assignment has been madtl 
according to the appropriate system described for each of the distinct moieties (Figure 
20). 
Figure 20 
3.7.4 N-Protected amino acid/alcohol derivatives. 
. . 
As for the work relating to the nitrogen protected ammo acids/alcohols, it was 
numbered as mentioned above in section 3.7.3, whereby the carboxylic acid carbon 
will be numbered first as in the example given in Figure 21. The protecting group will 
be referred to by its abbreviation. Any chiral auxiliary will be referred to by its name, 
so in this example camphor numbered as normal, but as in the case of the 
isoquinoline, the (cam) abbreviation was added. Other carbons are addressed as their 
functional group. 
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Figure 21 
In any case where any possible confusion might arise, the molecule will be numbered 
in the scheme to avoid any doubt. 
3.8 Individual experimental procedures and characterizations 
General procedure for the synthesis of dihydroisoquinolinium salts from 2-(2-
bromoethyl)-benzaldehyde and primary amines, (simple or functionalized) 
~Br __ _ 
~o coe I '" BPh, A ....-:N ... 
. 0 R* 
A solution of the amine in ethanol, (10.0 ml per g of amine, 1.0 eq), was added 
drop wise via a stoppered, pressure equalizing, dropping funnel, to an ice cooled, one-
neck flask, containing 2-(2-bromoethyl)-benzaldehyde, (1.6 eq, 1.1 if distilled 
previously). After the addition was completed the dropping funnel was removed and 
replaced by a stopper to contain the hydrogen bromide generated temporarily in the 
reaction. The reaction mixture was stirred overnight while attaining ambient 
temperature. Sodium tetraphenylborate, (or any other anion exchanging salt, 1.1 eq), 
in the minimum amount of acetonitrile, was added in one portion in the reaction 
mixture and after 5 minutes of stirring, the organic solvents were removed by rotary 
evaporation. Ethanol was added to the residue, followed by water. The resulting solid , 
was collected by filtration and washed with additional ethanol followed by diethyl 
ether. If no solid materialized after the addition of water the suspension was allowed 
to settle and the ethanol/water phase was decanted off. The gummy residue, which 
might have been obtained, was macerated in hot ethanol. The organic salt might then 
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precipitate but in some rare cases it did' so upon slow cooling of the hot alcoholic 
solution. If solubility problems arose, small amounts of acetonitrile were added during 
this process. 
(+)-2-[(4S,SS)-2,2-Dimethyl-4-phenyl-l,3-dioxan-S-yIJ-3,4-dihydroisoquinolinium 
tetraphenylborate: 2 
Prepared according to the general procedure in (9.30 g, 75%) yield, mp 169-170 °C 
(from acetone) as yellow plates. [aJ20o +38.6 (c 2.70, CH3CN); vmax(neat)!cm-I 3055, 
2999, 1637, 1604, 1572,1450,1426,1382,1202,1109, 1068,842,735; oH(250 MHz; 
CD3CN) 1.65 (3 H, s, Cleq), (1.94 (3 H, s, Cl' ax), [2.39-2.48 (1 H, m), 2.70-2.82 (1 H, 
m, ArCH2, isaq-4), 3.25-3.40 (1 H, m, NHCH, isaq-3), 3.81-3.97 (1 H, m, NHCH, 
isaq-3),4.06 (1 H, m, CH-N, CS), 4.30 (1 H, d, J 13.7 Hz, CH20, C6eq), 4.58 (1 H, . 
dd, J3.1 and 13.7 Hz, CH20, C6ax), 5.70 (1 H, d,J2.8 Hz, CH-O, C4), 6.81 (4 H, t,J 
7.2 Hz, arom., para in BP14 gp.), 6.99 (8 H, t, J 7.3 Hz, arom., artha in BP14 gp.), 
7.22-7.35 (8 H, m, meta in BP14 gp.), 7.35-7.40 (6 H, m, arom., Ph gp., & isaq-5), 
7.46 (1 H, t, J7.3 Hz, arom., isaq-7), 7.65-7.74 (2 H, ni, arom., isaq-6 & 8), 8~92 (1 
H, s, HC=N, isaq-l), oc(62.5 MHz; CD3CN) 18.0 (CH3, Cl), 24.1 (CH2, ArCH2, isaq-
4),28.7 (CH3, Cl '),51.6 (CH2, CH2N, isoq-3), 61.4 (CH2, CH20, C6), 65.5 (CH, CH-
N, CS), 70.7 (CH, CH-O, C4), 104.9 (C quat., O-C-O, C2), 121.9 (8 x CH, arom., 
artha in BP14gp.), 124.3 (C quat., arom., isaq-4a), 125.4 (2 x CH, arom., Ph gp.), 
125.7 (2 x CH, arom., Ph gp.), 128.1 (CH, arom., isoq-5), 128.5(CH, arom., isaq-7), 
128.0 (4 x CH, arom., p,ara in BP14 gp.), 128.6 (CH, arom., para in Ph gp.), 134.4 
(CH, arom., isaq-6), 135.8 (8 x CH, arom., meta in BP14 gp.), '137.0 (C quat.,.arom., 
ipso in BP14 gp.), 137.9 (C quat., arom., isoq-8a), 138.7 (CH, arom., isaq-8), 163.5 (4 
x C quat., q, J 196.4 Hz, arom., C-B ipsa in BP14 gp.), 167.5 (CH, HC=N, isoq-l); mlz 
322 [M+], exact mass calcd. for cation C21H24N02 322.1807 found 322.1809.7 
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I-Phenyl-3-buten-2col: 44 . 
r(YyH_ Vo 
A fresh solution of vinyl magnesium bromide (18.3 ml, 18.3 mmol)was diluted with 
dry THF (6.7 ml) The mixture was cooled down to between -10 to -5°C using a 
freezing mixture of crushed ice and anhydrous calcium chloride. In a three necked 
flask fitted with an addition funnel, reflux condenser, an alcohol thermometer and 
kept under a nitrogen atmosphere. A solution of phenylacetaldehyde (1.95 ml, 16.7 
mmol) as a solution in THF (5.0 ml) was added over a period of half an hour. The 
temperature must not exceed -5°C. Once the addition was completed, a saturated 
solution of ammonium chloride (15 ml) was added dropwise with additional cooling 
and vigorous stirring. Vinyl bromide orange colour darkened upon the addition of the 
aldehyde, and turned into a light yellow solution upon the ammonium chloride, with a 
white precipitate crashing out.. Diethyl ether (100 ml) was added before filtering 
through an inch ofCelite® and washed with diethyl ether, followed by brine. Vacuum 
evaporation of the solvents resulted in yellow oil, which upon silica gel column 
chromatography purification afforded (0.64 g, 26%) yellow oil. vmax(neat)!cm-I 3377, 
1496, 1454, 1425, 1119, 1077, 1030,991,922,745,698; oH(300 MHz; CDCh) 1.78 
(1 H, d, J 3.8 Hz, OH), 2.78 (I H, dd, J7.9 and 13.6 Hz, PhHCH, Cl) 2.86 (1 H, dd, 
5.4 and 13.8 Hz, PhHCH, Cl), 4.29-4.36 (1 H, m, C2), 5.11 (I H, dt, J 1.3 and 10.5 
Hz, C4), 5.23 (I H, dt, J lA and 17.2 Hz, C4), 5.91 (1 H, ddd, J 5.8, lOA and 17.2 
Hz, C3), 7.19-7.33 (5 H, m, arom., Ph gp.); oc(75.4 MHz; CDC!) 43.6 (CH2, Cl), 
73.6 (CH, C2), 115.0 (CH, C4), 126.5 (CH, C3), 128.5, i29.6, 137.8 (5 x CH, arom., 
Ph gp.), 140.2 (C quat., arom., ipso in Ph gp.).78 
Methyl (4E)-6-phenyl-4-hexenoate: 40 
I-Phenyl-3-buten-2-01 (44) (0.80 g, 5.40 mmol), methyl orthoacetate (4.81 ml, 30.8 
mmol) and propionic acid (0.02 ml, 0.32 mmol) were heated in a micro distillation kit 
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in order to remove methanol at 107°C for 45 minutes. This is followed by distilling 
off the methyl orthoformate by allowing the oil bath to worm up to 138°C. Then it is . 
wormed up to 150°C for the rearrangement to take place during 45 minutes. This 
afforded alkene substrate (40) in complete conversion, purification was carried out by 
Kugelrohr distillation, in order· to remove any excess methyl orthoacetate, this 
afforded (0.47 g, 43%) yield as a colourless oiL vmax(neat)/cm-1 3028, 2951, 1736, 
1495, 1436, 1363,1249, 1156, 1080, 1029, 968, 746, 698; oH(300MHz; CDCh) 2.22-
2.34 (4 H, m, C2 & C3), 3.24 (2 H, d, J 6.7 Hz, PhCH2, C6) 3:56 (3 H, s, OCH3), 5.42 
(1 H, dt, J 6.3 and 15.2 Hz, C4), 5.54 (1 H, ddd, J 1.1,6.8 and 13.9 Hz, C5), 7.05-7.22 
(5 H, m, arom., Ph gp.); Oc(75.4 MHz; CDCh) 27.8 (CH, C3), 34.0 (CH2, C2), 39.0 
(CH2, C6), 51.5 (CH3, OCH3), 126.0 (CH, C5), 128.4 (CH, C4), 128.5, 129.6, 130.3 
(5 x CH, arom., Ph gp.), 140.6 (C quat., arom., ipso in Ph gp.), 173.6 (C quat., Cl).79 
5,77dihydrodibenzo[c,e]oxepine: 54 
er? 
HO OH 
A suspension of2.2'-biphenyl dimethanol (53) (4.22 g, 19.5mmol), in HBr, (160 ml, 
24% in water), was heated to 100°C for 1 h. After that time interval the reaction . 
mixture became clear solution and was allowed to cool to ambient temperature. The . 
aqueous phase was extracted with diethyl ether (3 x 50 ml), and the organic extracts 
were washed with an aqueous saturated sodium carbonate solution (50 ml) and then 
dried. over anhydrous sodium SUlphate. Evaporation of the solvent furnished 
dibenzoxepane (54) cyclic ether in (3.43 g, 88%) yield as a white solid, mp 70-71 °C 
(from light petroleum), (lit. mp 72-73 0C).80 Found C, 85.57; H, 6.10; C14H\20 
requires C, 85.68; H, 6.17%. vm",(nujol)/cm-1 1567, 1197, 1073, 1042,904,892,753, 
602; oH(400 MHz; CDCh) 4.42 (4 H, s, 2 x CH20), 7.45-7.50 (4 H, m, arom.), 7.53-
7.58 (2 H, m, arom.), 7.60-7.63 (2 H, m, arom.); oc(100 MHz; CDCI3) 68.0 (2 x CH2, 
2 X CH20), 127.9 (2 x CH arom.), 128.72 (2 x CH arom.), 129.4 (2 x CH arom.), 
130.2 (2 x CH arom.), 135.6 (2 x C quat., arom., biphenyl link C3 & 8), 141.6 (2 x C 
quat., arom., ipso C2 & 9); mlz 196 [M+], exact mass caIcd. for C l4H l20 196.0888 
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found 196.0887. 
2-[2-(bromomethyl)phenyl)benzene carbaldehyde: 56 . 
0:9-
o 
To an ice cooled solution of dibenzoxepane (54) (3.50 g, 17.7 mmol), in carbon 
tetrachloride (50 ml), in a lOO ml flask fitted with a reflux condenser, molecular 
bromine (2.85 g, 17.S mmol), was added slowly down the condenser over a period of 
5 minutes with magnetic stirring. After the vigorous reaction subsided (ca 5 min.), the 
cooling bath was removed and the dark brown solution was heated at reflux until the 
reaction mixture became. pale yellow, (indicative of complete consumption of 
bromine) ca I h. The solution was then allowed to attain ambient temperature and the 
solvent was removed by rotary evaporation. To the residue obtained, HBr (15 ml, 
48% aqueous) was added and the reaction mixture was warmed to 40°C for a peri,od 
of 10-15 minutes with stirring. The solution was then allowed to cool and extracted 
with diethyl ether (4 x 20 ml). The organic extracts were washed with water (2 x 20 
ml), then with dilute sodium bicarbonate solution and dried over magnesium sulphate. 
Removal of the solvent by rotary evaporation furnished the crude (2-bromomethyl-2'-
carboxaldehyde)-biphenyl (56) in (2.86, 59%) yield as a yellow solid, mp 56-5SoC, 
(from light petroleum). vmax(nujol)/cm- I 1694, 1594, 1255, 1221, 1197, 761; liH(400 
MHz; CDCI3) 4.21 (2 H, dd, J 40.0, 10.1 Hz, CH2, Cl), 7.12 (I H, dd, J 1.2 and 7.8 
Hz, CH arom., C5), 7.28-7.36 (3 H, m, arom., CH, C7, C11 & 13), 7.46 (2 H, dd, J 
0.8 and 7.8 Hz, arom., C4 & 6), 7.56 (1 H, dd, J 1.4 and 7.8, Hz, arom., CID), 7.98 (1 
H, del, J 1.3 and 7.9 Hz, arom., CI2), 9.65 (I H, s, HC=O, CI4); lic(100 MHz; CDCI3) 
33.8 (CH2, Cl), 130.0 (CH arom., C5), 130.9 (CH arom., C7), 131.0 (CH arom., C4), 
131.4 (CH arom., C6), 133.0 (CH arom., Cll), 133.1 (CH arom., CI3), 133.4 (CH 
arom., CIO), 136.0 (CH arom., CI2), 136.4 (C quat., arom. C2), 138.3 (C quat., arom. 
C8), 140.2 (C quat., arom., CS), 145.6 (C quat., arom. C9), 194.1 (C quat., HC=O, 
CI4); mlz 275 [81Br isotope], exact mass calcd. for 81Br isotope CI4H llBrO 275.9974 
found 275.9977. 80 
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General procedure for the synthesis of dihydroisoquinolinium salts from 2-[2-
(bromomethyl)phenyl)benzene carbaldehyde and primary amines, (simple or 
functionalized): 
A solution of the amine in ethanol, (10.0 ml per g of amine, 1.0 eq), was added 
dropwise via a stoppered, pressure equalizing, dropping funnel, to an ice cooled, one-
neck flask, containing 2-[2-(bromomethyl)phenyl]benzene carbaldehyde, (1.2 eq) also 
in ethanol (5 ml per g of amine). After the addition was completed the dropping 
funnel was removed and replaced by a stopper to contain the hydrogen bromide 
generated temporarily in the reaction. The reaction mixture was stirred overnight 
while attaining ambient temperature. Sodium tetraphenylborate, (or any other anion 
exchanging sait,1.leq), in the minimum amount of acetonitrile, was added in one 
portion in the reaction mixture and after 5 minutes of stirring, the organic solvents 
were removed by rotary evaporation. Ethanol was added to the residue, followed by 
water. The resulting solid was collected by filtration and washed with additional 
ethanol followed by diethyl ether. If no solid materialised after the addition of water 
the suspension was allowed to settle and the ethanol/water phase was decanted off. 
The gummy residue was macerated in hot ethanol. The organic salt was then 
precipitated but in some rare cases it did so upon slow cooling of the hot alcoholic 
solution. If solubility problems arose, small amounts of acetonitrile were added during 
this process. IS 
(+)-6-[(lR,2R,3R,5S)-2,6,6-Trimethyl-bicyclo [3.1.1] hept-3-yl]-5H-dibenzoc,e J-
azepinium tetraphenylborate: 57 
Prepared according to the general procedure in (8.00 g, 60%) yield, mp 208-210 DC 
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--------------------........... 
(from ethanol) as yellow plates. [afoD +22.4 (c 1.00, CH3CN);'(Found C, 88.73; H, 
7.45; N, 2.16. C48~8BN requires C, 87.81; H, 7.20; N, 1.95% :. found 
i 
C4sH48BN.YzH20); vma,{fiIm)/cm') 3052, 3019, 2991, 1635, 1521, 1479, 1231, 1133, 
848,736, 721, 706; 8H(400 MHz; DMSO-~, 80 DC) 1.02 (3 H, d, J 11.3 Hz, C10), 
1.14 (3 H, s, C8). 1.35 (3 H, s, C9), 1.48 (1 H, d, J 16.8 Hz bridgehead H, Cl), 2.02 (1 
. H, td, J 2.6 and 9.3 Hz, CHH, C7), 2.10-2.31 (2 H, m; CHH, C7 and bridgehead H, 
C5), 2.55-2.74 (3 H, m, C2 & C4), 4.84-5.12 (3 H, m, azep-5 & C3), 6.80 (4 H, t, J 
11.4 Hz, arom., para in BP~ gp.), 6.93 (8 H, t, J 11.8 Hz, arom., ortho in BP~ gp.), 
7.20-7.29 (8 H, m, arom., meta in BP~ gp.), [7.61-7.92 (6 H; m, arom.), 8.02 (1 H, td, 
J2.2 and 11.6 Hz), 8.07-8.16 (1 H, m), azep-biphenyl gp.), 9.69 (1 H, s, HC=N, azep-
7); Sc(100 MHz; DMSO-d6, 80 DC) 19.9 (CH3, C8), 23.8 (CH3, C9), 29.0 (CH3, CI0), 
33.7 (CH2, C7), 34.8 (CH2, CH2N, azep-5), 40.0 (C quat., C6), 41.1 (CH, C5), 42.2 
(CH, C2), 48.4 (CH, Cl), 54.0 (CH2, C4), 74.3 (CH, C3), 122.2 (8 x CH, arom., ortho . 
in BP~ gp.), 125.96 (4 x CH, arom., para in BP~ gp.), 127.8 (C quat., arom., azep-
4a), 126.0 (4 x CH, arom., azep-3), 129.7 (CH, arom., azep-l), 129.9 (CH, arom., 
azep-4), 130.3 (CH, arom., azep-2), 130.7 (CH, arom., azep-9), 131.1 (CH, arom., 
azep-ll), 131.1 (CH, arom., azep-8), 135.4 (C quat., arom., azep-llb), 135.7 (CH, 
arom., azep-JO), 136.6 (8 x CH, arom., meta in BP~ gp.), 137.9 (C quat., arom., azep-
lla), 141.9 (C quat., arom., azep-8a), 164.5 (4 x C quat., q, J 196.4 Hz, arom., C-B 
ipso in BP~ gp.), 171.2 (CH, HC=N, azep-7); mlz 319 [M+), exact mass calcd. for 
cation C22H28N 319.2222 found 319.2224.7 
(-)-6-[(4S,5S)-2,2-Dimethyl-4-phenyl-[1,3)dioxan-5-yl)-5H-dibenzo[c,e]azepinium 
tetraphenylborate: 58 
Ph 
>{)-NH' 
Prepared according to the generarprocedure in (9.00 g, 68%) yield, mp 187-188 DC 
,- ' , 
(from ethanol) as yellow plates. [afoD -44.0 (c 1.01, CH3CN); (Found C, 85.23; H, 
6.52; N, 1.96. CsoH46BN02 requires C, 85.34; H, 6.59; N, 1.99%); vmax(fiIm)/cm') 
3055,3038,2999, 1633, 1579, 1480, 1451, 1385, 1203, 1114,848,735,706; 8H(400 
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MHz; DMSO-d6, 115°C) 1.71 (3 H, s, C7). 1.74 (3 H, s, C8), 4.32 (1 H, d, J21.8 Hz, 
C6eq), 4.49 (1 H, d, J21.6 Hz, CHH, azep-5), [4.68-4.77 (1 H, m, CH-N, CS), 4.72 (1 
H, dd, J 5.2 and 21.8 Hz, C6ax)], 5.15 (1 H, d, J22.2 Hz, CHH, azep-5), 5.82 (1 H, d, 
J 4.1 Hz, C4),6.75 (4 H, t, J11.4 Hz, arom., para in BPi4 gp.), 6.88 (8 H, t, J 11.5 
Hz, arom., ortho in BPi4 gp.), 7.11-7.16 (5 H, m, Ph gp.), 7.20-7.25 (8 H, m, arom., 
meta in BPi4 gp.), [7.55-7.63 (3 H, m, arom.), 7.64-7.69 (3 H, m, arom.), 7.92-7.94 (2 
H, m, arom.), azep-Biphenyl gp.], 9.03 (1 H, s, HC=N, azep-7); 1lc(100 MHz; DMSO- . 
d6, 120°C) 18.1 (CH3, C8), 28.4 (CH3, C9), 42.7 (CH2, CH2N, azep-5), 60.8 (CH2, 
CH2-O, C6), 66.1 (CH, CH-N, CS), 70.5 (CH, CH-O, C4), 99.9 (C quat., O-C-O, C2), 
120.4 (8 x CH, arom., CH ortho in BPi4 gp.), 124.1 (4 x CH, arom., CH para in BPi4 
gp.), 124.2 (2 x CH, arom., meta in Ph gp.), 124.2 (2 x CH, arom., ortho in Ph gp.), 
124.4 (CH, arom., para in Ph gp.), 127.3 (C quat., arom., azep-4a), 127.6 (CH, arom., 
CH azep-3), 127.7 (CH, arom., azep-l), 128.2 (CH, arom., azep-4), 128.3 (CH, arom., 
azep-2), 129.0 (CH, arom., azep-9), 129.3 (CH, arom., azep-ll), 129.4 (CH, arom., 
azep-8), 132.6 (C quat., arom., azep-llb), 133.6 (CH, arom~, azep-10), 135.0 (8 x CH, 
arom., CH meta in BPi4 gp.), 135.2 (C quat., arom., azep-lla), .140.5 (C quat., arom., 
azep-8a), 163.3 (4 x C quat., q, J 196.0 Hz, arom., C-B ipso in BPi4 gp.), 171.1 (CH, 
HC=N, azep-7); mlz 384 [W], exact mass calcd. for cation C26H26N02 384.1964 
found 384.1968.7 
(+ )-(IS,4R)-7, 7-Dimethyl-2-oxobicyc!o[2.2.11heptane-l-carboxylic acid: 62 
~ -
o,S-CI 
A solution of anhydrous sodium carbonate (50.0 g, 0.48 mol), in water (450 ml) in a 
beaker (2 L), was heated to approximately 80°C with sufficient stirring. To the hot 
solution was added potassium permanganate (25.0 g, 0.32 mol) as a solution in hot 
water (300 ml), followed by (+)-(IS)-camphor-l0-sulphonyl chloride (61) (25.0 g, 
0.10 mol). After an interval of 15 minutes, a second portion of potassium 
permanganate (25.0 gin 300 ml in hot water), was added, followed by second (25.0 g) 
portion of camphorsulphonyl chloride and heating was continued for an additional 
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hour, The excess pennanganate was destroyed by the addition of an acidified, (H2S04· 
cone), saturated sodium sulphite solution (20 ml), and the reaction mixture was 
allowed to cool. Subsequently it was made strongly acidic (PH I), by cautious 
addition of sulphuric acid (20%), (foaming occurs), and reheated to 80 QC. The 
precipitated manganese dioxide, (black residue), was dissolved slowly upon addition 
of sodium sulfite powder, (approximately 25.0 g). The resulting solution, (white 
inorganic solids usually precipitate at this stage), was allowed to attain ambient 
temperature and extracted with diethyl ether (4 x 120 ml), and the organic extracts 
were dried over sodium sulphate. Removal of the solvent by rotary evaporation 
. afforded ketopinic acid (62)(17.0 g, 48%) yield as a whitesolid, mp 236-238 QC 
(from hot water), (lit. mp 233-23~ 0C).81 [al20o +57.3 (c LOO, CHCh), (lit. [afoo 
+26.4 (c 0.65, MeOH)8~); (Found C, 65.79; H, 7.65. ClOH140 3 requires C, 65.90; H, 
7.75%); vmax(nujol)!cm-1 2258,1750,1686,1314; ()H(400 MHz; CDCh) 1.15 (3 H, s, 
CCH3CHJ, C8), 1.16 (3 H, s, CCHJCH3, C9), [1.42-1.48 (1 H, m), 1.77-1.84 (1 H, m), 
exo at C5 and C6l, 2.01 (1 H, d, J 18.6 Hz, bridgehead H at C4), 2.04-2.16 (2 H, m, 
endo at C5 and C6), 2.34-2.46 (1 H, m, exo at C3), 2.55-2.63 (1 H, m, endo at C3), 
9.89 (1 H, br. s, C02H); ()c(100 MHz; CD Ch) 20.2 (CH3, C8), 21.3 (CH3, C9), 27.0 
(CH2, C5), 27.2 (CH2, C6), 44.1 (CH2, C3), 44.6 (CH, C4), 50.1 (C quat., C7), 67.7 (C 
quat., Cl), 175.6 (C quat., C02H, C10), 213.1 (C quat., C=O, C2); mlz 182 [M'l, 
exact mass cald. for ClOH140 3 182.0943 found 182.0941. 
(+)-(lS,4R)-7, 7-Dimethyl-2-oxobicyclo[2.2.1]heptane-l-carbonyl chloride: 63 
Ketopinic acid (62) (10.0 g, 55.0 mmol) was dissolved in thionyl chloride (SOCh) (20 
ml). The flask was fitted with a bubbler to allow vent for the gaseous products and 
was stirred. overnight at ambient temperature. The excess thionyl chloride was 
removed by rotary evaporation. The residue obtained was dissolved in diethyl ether 
(70 ml) and washed once with cold, dilute sodium bicarbonate solution (35 ml), and 
water (3 x 50 ml). The ethereal layer was dried over anhydrous magnesium sulphate, 
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after filtration and evaporation of the solvent furnished a white flaky solid, which was. 
recrystaIlized from hexane to afford ketopinic acyl chloride (63) (7.38 g, 67%) yield 
of crystalline solid, which darkens upon storage, mp 118-120 °c, (lit. mp 112 oC).83 
[a]20o +52.2 (c 1.18, CHCh), «-)-enantiomer, lit. [a]20o -41.0 (c 1.90, CHCh)83); 
vmax(film)/cm- I 1746, 1700, 1267, 1048, 892, 795, 766, 737, 704; oH(400 MHz; 
CDCh) 1.19 (3 H, s, CCH3CHJ, C8), 1.21 (3 H, s, CCHJCH3, C9), [1.50-1.54 (1 H, 
m), 2.00~2.20 (4H, m), exo and endo at C5 and C6, and bridgehead Hat C4], 2.48-
.2.63 (2 H, m, exo and endo at C3); oc(lOO MHz; CDCh) 20.0 (CH3, C8), 20.5 (CH3, 
C9), 26.7 (CH2, C5), 28.8 (CH2, C6), 44.2 (CH2, C3), 44.6 (CH, C4), 50.8 (C quat., 
C7), 76.4 (C quat., Cl), 172.4 (C quat., Cl-C=O, ClO), 208.1 (C quat., C=O, C2); mlz 
. 200 [Mi, exact mass caIcd. for CtoHI3Cl02 200.0604 found 200.0604. 
(+)-(lS,4R)-7, 7-Dimethyl-2-oxobicyclo[2.2.1]heptane-l-carboxamide: 64 
o~ 
Cl 
-
Ketopinic acid chloride (63) (4.00 g, 21.0 mmol) was dissolved in DCM (50 ml). This 
solution was added drop wise to an ice-cooled cone. ammonia solution (200 ml). The 
reaction mixture was left to stir for 24 h. The excess ammonia was separated and 
washed with more DCM (3 x 50 ml). The organic fractions were combined and dried 
over anhydrous sodiurn sulphate. The drying agent was filtered off and the filtrate was 
concentrated by rotary evaporation to afford ketopinic amide (64) (354 g, 92%) yield 
as a white solid, mp 192-194 oC; (lit. mp 192-195 0C).82 [a]20o +119.6 (c 1.01, 
CHCh), (lit. [a]22o +116.4 (c 0.75, CHCh)82). (Found C, 66.29; H, 8.32; N, 7.65. 
CtoHIsN02 requires C, 66.27; H, 8.34; N, 7.73%); vmax(nujol)/cm-1 3462, 3389, 3273, 
. 3158,2922,2360, 1727, 1668, 1597, 1458, 1376, 1296, 721; liH(25 0 MHz; CDCh) 
1.01 (3 H, s, CCH3CH3), 1.26 (3 H, s, CCH3CH3), [1.41-1.50 (1 H, m), 1.60-1.67 (1 
H, m), exo at C5 and C6], 2.00 (1 H, d, J24.2 Hz, bridgehead H at C4), 2.10-2.19 (2 
H, m, endo at C5 and C6), 2.49-2.59 (1 H, m, exo at C3), 2.53-2.59 (1 H, m, endo at 
C3), 5.75 (1 H, br. s, H-NH hydrogen bonded), 7.42 (1 H, br. s, HN-H no hydrogen 
bonding);oc(62.5 MHz; CDCh) 20.3 (CH3, C8), 20.6 (CH3, C9), 27.6 (CH2, C5), 
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28.2 (CH2, C6), 43.2 (CH2, C3), 43.6 (CH, C4), 50.1 (C quat., C7), 65.0 (C quat.; Cl),· 
172.0 (C quat., H2N-C=O, CI0), 211.5 (C=O, C2); mlz 181 [M'], exact mass calcd.' 
forClOHlsN02181.1103 found 181.1105. 
(+ )-(IR,4R)-7, 7-Dimethyl-2-oxohicyclo(2.2.1]hept-l-cyanide: 65 
Ketopinic amide (64) (10.7 g, 59.0 mmol) was dissolved in thionyl chloride (54.2 g, 
45.9 mmol) and acetonitrile (100 rnl). The solution was refluxed for 18 h. (The 
reaction turned brown.) The reaction mixture was concentrated by rotary evaporation 
to yield crude brown oil, which in turn was dissolved in diethyl ether (50 ml). Then it 
was washed with water (4 x 30 rnl). The aqueous fractions were extracted with more 
diethyl ether (3 x 25 ml). The organic fractions were combined and dried over 
anhydrous magnesium sulphate. The filtrate was concentrated by rotary evaporation. 
The crude orange product was recrystallized to afford ketopinic acid nitrile (65) (5.39, 
g, 72%) yield as a white solid, mp 198-200 °c (from petroleum and ethyl acetate), (lit. 
mp 197-198 oC).84 [a]2oD +50.4 (c 1.04, CHCh), (lit. [a]2oD +26.5 (c 1.00, CHCh)84); 
(Found C, 73.29'; H, 7.99; N, 9.63. ClOHl2NO requires C, 73.59; H, 8.03; N, 8.58%); 
vmax(nujol)/cm-1 3449, 3187, 2966, 2369, 2236,1754,1679,1591,1454,1417,1392, 
1376, 1027, 780; 8H(250 MHz; CHCh) 1.15 (3 H, s, CCH3CH3. C8), 1.20 (3 H, s, 
CCH3CH3, C9), 1.49-1.59 (1 H, rn, exo at C5), 1.90-2.00 (1 H, m, endo at C6), 2.02 (I 
H, d, J 18.6 Hz, Bridgehead Hat C4), 2.06-2.22 (2 H, m, endo at C5 andC6), 2.24-
2.38 (I H, m, exo at C3), 2.52-2.63 (1 H, m, endo at C3); 8c(62.5 MHz; CHCh) 19.4 
(CH3, C8), 20.0 (CH3, C9), 27.1 (CH2, C5), 28.0 (CH2, C6), 42.7 (CH, C4), 42.8 
(CH2, C3), 50.3 (C quat., C7), 58.0 (C quat., Cl), 117.0 (C quat., C=N), 206.1 (C 
quat., C=O, C2); mlz 163 [M+], exact mass caIcd. for ClOHI3NO 163.0997 found 
163.0999. 
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(-)-(IR,2R,4R)-7, 7-Dimethyl-2-oxobicyclo[2.2.1]hept-l-yl cyanide: 66 
~ 
N 
-
Ketopinic nitrile (65) (1.80 g, 11.0 mmol) was dissolved in methanol (15 ml). The 
solution was cooled down to 0 °C using an ice bath. Sodium borohydride (0.42 g, 11.0 
mmol, 98%) was added gradually. The reaction mixture was left to stir for 24 h the 
mixture was concentrated by rotary evaporation and dissolved in DCM (40 ml). The 
- organic solution was washed with dilute HCI (2 x 10 ml) and dried over anhydrous 
sodium sulphate. The 'drying agent was filtered and the resulting filtrate was 
concentrated by rotary evaporation to afford (66) (1.38 g, 76%) yield as a white solid, 
mp 236°C, (lit. mp 205_206 oC).8S [a]2oD -17.6 (c 1.00, CHCh), (lit. [a]2oD -3.4 (c 
0.62, CHCh)27); (Found C, 72.51; H, 9.09;N, 9.52. ClOH!sNO requiresC, 72.69; H, 
o 9.15; N, 8.48%); vmax(nujol)!cm'! 3462, 2923, 2854, 2725, 2236, 1758, 1618, 1458, 
1377, 1063, 722; oH(250 MHz; CDCh) 1.09 (3 H, s, CCH)CH), C8), 1.29 (3 H, s, 
CCH)CH), C9), 1.41-1.51 (1 H, m, bridgehead at C4), 1.78-2.10 (6 H, m, exo and 
endo of C5, C6 and C3), 2.76 (1 H, br. s, OH), 4.00 (1 H, m, HC-OH, C2); oc(62.5 
MHz; CD Ch) 20.1 (CH), C8), 20.8 (CH), C9), 26.9 (CH2, C5), 30.5 (CH2, C6), 36.0 
(C quat., C-C"'N, Cl), 39.9 (CH2, C3), 43.8 (CH, C4), 50.6 (C quat., C7), 77.3 (CH, 
HC-OH, C2), 172.0 (C quat., C",N, ClO); mlz' 165 [M+], exact mass calcd. for 0 
ClOH!sNO 165.1154 found 165.1152. 
H-(IS,4R)-I-(IH-Imidazol-l-ylcarbonyl)-7,7 -dimethylbicyclo [2.2.1]-heptan-2-
one: 67 
O~ 
OH 
-
Ketopinic acid (62) (1.50 g, 8.00 mmol) was dissolved indry THF (15 ml). CD! (2.67 
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g, 16.5 mmol) was added in one portion. The mixture was stirred at room temperature 
for 2 h. The reaction mixture was concentrated by rotary evaporation and was washed 
with water (3 x 25 ml). Then extracted with DCM (3 x 25 ml). The organic fractions 
were dried over anhydrous sodium sulphate. The, drying agent was filtered and the 
filtrate was concentrated by rotary evaporation to afford (67) (0.80 g, 43%) yield as a 
white solid, mp 115-117 °c. [a]20o -74.9, (c 1.10, CHCh); (Found C, 65.76; H, 6.96; 
N, 14.13. C!3H17N202 requires C, 66.93; H, 7.34; N, 12.01%); vmax(nujol)/cm-! 3190, 
3123,2924,2854, 1742, 1705,1532, 1464, 1418, 1368, 1312, 1289, 1265, 1230, 
1200, 1044, 828, 739; oH(250 MHz; CDCh) 1.24 (3 H, s, CCH3CHJ), 1.26 (3 H, s, 
CCHJCH3), 1.55-1.63 (1 H, m, bridgehead at C4), 2.05-2.23 (4 H, m, exo and endo at 
C5 and C6), 2.35-2.40 (1 H, m, exo at C3), 2.61-2.71 (1 H, m, endo at C3), 7.04 (1 H, 
d, JO.9 Hz, arom., HC=CHNC=O), 7.46 (1 H, t, 1.2 Hz, arom., HC=CHNC=O), 8.07 
(1 H, br. s, N=CH-NC=O); Oc (62.5 MHz; CD Ch) 19.9 (CH), C8), 20.8 (CH3, C9), 
27.0 (CH2, C5), 28.9 (CH2, C6), 43.4 (CH2, C3), 43.8 (CH, C4), 50.2 (C quat., C7), 
69.0 (C quat., Cl), 117.1 (CH, arom., HC=CHNC=O), 129.8 (CH, arom., 
HC=CHNC=O), 137.5 (CH, arom., N=CH-NC=O), 167.1 (C quat., C=O, CI0), 210.0 
(C quat., C=O, C2); mlz 233 [M'], exact mass calcd. for CI3H!6N202 233.1290 found 
233.1284. 
(-)-(lS,4R)-4-Isocyanato-7,7-dimethyibicyclo[2.2.1]heptan-2-one: 69 
~-[~l-
A solution of the crude acid chloride (63) (4.10 g, 20.0 mmol) was dissolved in THF 
(25 ml) and cooled to -25°C. A solution of sodium azide (3.00 g, 46.0 mmol) in 
water (30 ml), was added in one portion and the resulting reaction mixture stirred at 
-25°C for 45 minutes. The solution was then allowed to attain ambient temperature 
and stirred for a further 30 minutes. The reaction mixture was then poured into 
ice/water, and extracted with toluene (3 x 30 ml). Without drying the organic extracts, 
the solvents were removed under reduced pressure and a white solid was obtained. 
The ! H NMR spectrum of this solid indicated the presence of two camphor 
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derivatives, identified as the. corresponding acyl azide (68) and the expected 
isocyanate (69) in 3:1 ratio, in favour ·of the azide. The mixture of solids was re-
dissolved in toluene and heated at reflux for I h. Evaporation of toluene furnished 
pure isocyanate (69) (2.85 g, 80%) yield, mp 109 QC, (lit. mp 107-108 °C).86 [cxfoo 
-26.2 (c 1.62, CHCh), (lit. [cx)20o-41.0 (c 5.00, Et20)86); (Found C, 67.13; H, 7.36; 
N, 7.70. CJOH13N02 requires C, 67.00; H, 7.32; N, 7.82%); vmax(nujol)/cm·1 2241, 
1753, 1026; oH(400 MHz; CD Ch) 0.91 (3 H, s, CCH3CH3, C8), 1.07 (3H, s, 
CCH3CH3, C9), [1.52-1.57 (I H, m), 1.68-1.73 (1 H, m), exo at C5 and C6), 2.01-2.18 
(4 H, m, endo at C5 and C6, bridgehead H at C4, and exo at C3), 2.4S-2.S1 (1 H, m, 
endo at C3); oc(100 MHz; CDCh) 19.0 (CH3, C8), 19.2 (CH3, C9), 27.1 (CH2, CS), 
28.7 (CH2, C6), 40.4 (CH, C4), 41.9 (CH2, C3), 47.6 (C quat., C7), 76.4 (C quat., Cl), 
128.8 (C quat., N=C=O, CI0), 212.0 (C quat., C=O, C2); mlz 179 [M'"), exact mass 
calcd. for CIOH\3N02 179.0946 found 179.0948. 
(+)-(lS,4R)-1-Amino-7,7-dimethylbicyc1o[2.2.1)heptan-2-one: 70 
~ ........... . -!),-, - 1-.1_1 • I ' N H,N '6 \\ 0 c . 
\\ o .. 
To a solution of isocyanate (69) (S.OO g, 28.0 mmol) in toluene (50 ml), aqueous 
hydrochloric acid (20 ml, 10 M) was added, and the reaction mixture was heated at 
reflux for 3 h. The reaction mixture was then allowed to cool, and the solvents were 
evaporated under reduced pressure. Aqueous sodium carbonate. solution (20%) was 
added to the residue until pH 10 was reached, followed by extraction with DCM (4 x . 
20 ml). The organic extracts were dried over anhydrous sodium sulphate and the 
solvent removed under reduced pressure, to furnish brown oil, which solidified slowly 
on standing to provided amino apocamphor (70) (2.02 g, 47%) yield as yellow 
crystals, mp 194-195 °C (from hexane), (lit. mp 194 0C).87 [cx)20o +92.6 (c 1.31, 
CHCh), (lit. [cx)17.5o +107.5 (c 2.05, EtOH)87); vma.\{nujol)/cm·1 3471, 3388, 3318, 
174S, 160S, 1451, 1416, 1387, 10S4, 736; oH(400 MHz; CDCh) 0.84 (3 H, s 
CCH3CH3, C8), 1.04 (3 H, s, CCH3CH3, C9), 1.40 (2 H, br. s, NH2), [1.38-1.4S (1 H, 
m), 1.50-1.56 (1 H, m), endo at CS and C6), 1.72-1.82 (1 H, m, exo at C6), 1.97 (I H, 
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d, J 18.4 Hz, bridgehead H at C4), 2.00-2.12 (2 H, m, endo at C6 and exo at C3), 
2.35-2.43 (1 H, m, endo at C3); oc(100 MHz; CDCiJ) 17.4 (CH3, C8), 17.6 (CH3, C9), 
25.6 (CH2, CS), 28.6 (CH2, C6), 39.6 (CH, C4), 41.0 (CH2, C3), 45.3 (C quat., C7), . 
70.8 (C quat., CoN, Cl), 217.0 (C quat., C=O',C2); m/z 153 [M'], exact mass calcd. 
for C9H1sNO 153.1154 found 153.1152 . 
. (+)-2-[ (1S,4R)-7, 7 -Dimethyl-2-oxobicyclo [2.2.1 J hept-1-yIJ-3,4-dihydroisoquin olin-
ium tetraphenylborate: 71 
H~-
Prepared according to the general procedure in (3.21 g, 23%) yield, as a yellow 
powder, mp 205-207 °C (from ethanol). [a]20o +42.1 (c 1.12, DMSO). (Found C, 
84.93; H, 7.08; N, 2.21. C1sH22NO requires C, 85.03; H,' 7.18; N, 2.36%); 
vmax(nujol)/cm,1 2923, 2286, 1753, 1637, 1626, 1606, 1576, 1459, 1423, 1413, 1377, 
1069, 735, 710; oH(400 MHz; CD3CN) 1.25 (3 H, s, CCH3CH3, C8), 1.26 (3 H, s, 
CCH3CH3, C9), [1.6H.71 (1 H, m), 1.96-2.04 (2 H, m), 2.26-2.35 (2 H, m), endo and 
exo at CS, C6 and bridgehead H at C4], 2.64-2.89 (2 H, m, endo and exo at C3), 3.20-
3.27 (2 H, m, ArCH2, isoq-4), 3.91-3.99 (2 H, m, CH2N, isoq-3), 6.88 (4 H, t, J 7.1 
Hz, arom., para in BP14 gp.), 7.03 (8 H, t, J 7.4 Hz, arom., meta in BP14 gp.), 7.29-
7.35 (8 H, m, arom., ortho in BP14 gp.), 7.50 (1 H, d, J7.5 Hz, arom., isoq-5), 7.58 (1 
H, t, J7.5 Hz, arom., isoq-6), 7.85 (I H, t, J7.6 Hz, arom., isoq-7), 7.93 (1 H, d, J7.6 
Hz, arom., isoq-8), 8.74 (1 H, s, HC=N, isoq-l); oc(100 MHz; CD3CN) 17.9 (CH3, 
C8), 20.1 (CH3, C9), 24.6 (CH2, CS), 24.8 (CH2, C6), 25.5 (CH2, ArCH2, isoq-4), 41.7 
(CH2, C3), 42.4 (CH, C4), 48.6 (CH2, CH2N, isoq-3), 49.6 (C quat., C7), 86.4 (C 
quat., CoN, Cl), 121.5 (CH, arom., BP14 gp.), 124.7 (C quat., arom., isoq-4a), 125.3 
(CH, arom., BP14 gp.), [127.9, 128.2, 134.32, 138.7 (CH, arom., isoq-5, 6. 7 & 8)], 
135.4 (CH, arom .. , BP14 gp.), 137.4 (C quat., arom., isoq-8a), 163.5 (4 x C quat., q, J . 
. 
196.4 Hz, arom., CoB ipso in BP14 gp.), 168.0 (CH, HC=N, isoq-l), 206.9 (C quat., 
C=O, C2); mlz 268 [M+] , exact mass calcd. for cation C1sH22NO 268.1701 found 
268.1701. 
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H-(IR,2R,4R)-2-Hydroxy-7, 7 -dimethyl-bicyclo [2.2.1)h ept-l-ylmethylammonium 
chloride: 77 
·)(,OH _. 
~. N . 
A 2 necked round bottomed flask fitted with a reflux condenser, stirrer and a nitrogen 
bubbler was dried and placed in an ice bath. LAH in THF (100 ml, 1.0 m, 0.1 0 mol) 
. was added to the flask and cooled down to 0 °C. compound (66), (3.26 g, 20.0 mmol) 
was dissolved in anhydrous THF (10 ml), and was added slowly to the LAH solution. 
Once the addition was completed, the ice bath was removed and the reaction mixture 
was refluxed for 24 h. The reaction was allowed to cool to 0 °c in an ice bath. Ethyl. 
acetate (25 ml) was added carefully. This was followed by the slow addition of 
aqueous sodium hydroxide solution (50 ml, 1 m). The reaction was left to stir for a 
further 1 h. The mixture was extracted with excess diethyl ether. The organic fractions 
were then washed with brine (50 ml), and after separation, were dried over anhydrous 
sodium sulphate. The drying agent was filtered and the filtrate was concentrated by 
rotary evaporation to afford a mixture of thi: exolendo products in a ratio of 11:1, 
(2.45 g, 72%) yield as an orange oil, the hydrogen chloride salt was isolated to give 
only the exo product (77); mp 252°C. (Found C, 57.11; H, 9.41; N, 6.02. 
CIOH19NOCl requires C, 58.38; H, 9.80; N, 6.81%); vmax(nujol)/cm·1 3364, 2926, 
1651, 1584, 1512, 1454, 1338, 1370, 1300, 1249, 1214, 1186, 1120, 1073,946,880; 
8H(250 MHz; CD Cb) 0.85 (3 H, s, CCH3CH3, C8), 1.17 (3 H, S, CCH3CH3, C9), 1.33-
1.47 (3 H, m, exo at CS and C6, and bridgehead H atC4), 1.61-1.84 (4 H, m, endo at 
CS and C6, OH and exo at C3), 2.00 (1 H, br. s, endo at C3), 2.83 (1 H, d, J 12.4 Hz, 
HCHNH2, CIO), 3.03 (1 H, d, J2.4 Hz, HCHNH2, ClO), 3.96 (1 H, m, HC-OH, C2); 
8c(62.5 MHz; CDCb) 20.7 (CH3, C8), 21.0 (CH3, C9), 29.8 (CH2, CS), 30.7 (CH2, 
. , 
C6), 38.4 (CH2, CI0), 39.9 (CH2, C3), 45.5 (CH, C4), 51.8 (C quat., C7), 63.8 (C 
quat., Cl), 70.4 (CH, CoO, C2); mlz 170 [11'"], exact mass calcd. for cation CIOH20NO 
170.1549 found 170.1545. 
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(+)-2-{[ (lR,2R,4R)-2-Hydroxy-7, 7 -dimethylbicyclo[2.2.1) hept -1-yl)-methyl}-3,4-
dihydroisoquinolinium tetraphenylborate: 75 
Prepared according to the general procedure in (1.58 g, 45%) yield, as a fme yellow 
solid, mp 177 cC (from ethanol). [a)2oD +35.2, (c 1.00, DMSO). (Found C, 84.67; H, 
7.59; N, 2.22. C.j3H46BNO requires C, 85.48; H, 7.62; N, 2.32%); vmax(nujol)/cm'l 
3536,3052,2922,2853,1650,1602,1574,1454,1426, 1377, 1074,746, 704;8H(250 
MHz; CD3CN) 0.95 (3 H, s, CCH3CH3, C8), 1.15 (3 H, s, CCH3CH3, C9), 1.71-1.84 
(4 H, m, exo at C5 and C6, bridgehead at C4, and exo at C3), 2.16 (3 H, m, endo at C5 . 
and C6, endo at C3), 3.14 (2 H, t,] 8.0 HZ,ArCH2, isoq-4), 3.33 (1 H, d,] 3.9 Hz, 
. OH), 3.77 (1 H, m, HC-OH, C2), 3.95-4.04 (2 H, m, CH2N, isoq-3), 3.66 (1 H, d,] 
12.8 Hz, N-HCH, CI0), 4.28 (1 H, d, ] 12.8 Hz, N-HCH, ClO), 6.80-6.86 (4 H, t, ] 
7.1 HZ,arom., para in BPH4 gp.), 6.95-7.01 (8 H,t,] 7.2 Hz, arom., meta in BPH4 
gp.), 7.22-7.47 (8 H, m, arom., ortho in BPH4 gp.), 7.48 (1 H, d, 17.1 Hz, arom., isoq-
5),7.50 (1 H, t,] 6.5 Hz, arom., isoq-7), 7.72 (1 H, d,] 5.7 Hz, arom., isoq-6), 7.77 (1 
H, t, ] 7.6 Hz, arom., isoq-8), 8.82 (1 H, s, HC=N, isoq-l); 8c(62.5 MHz; CD3CN) 
20.4 (CH3, C8), 20.6 (CH3, C9), 25.5 (CH2, C5), 27.4 (CH2, C6), 30.3 (CH2, C3), 41.9 
(CH2, isoq-4), 46.1 (CH2, CI0), 47.7 (C quat., C7), 50.9 (CH, C4), 55.0 (C quat., Cl), 
60.7 (CH2, isoq-3), 74.9 (CH, CoO, C2), 122.4 (CH, arom., BPH4gp.), 126.2 (C quat., 
arom., isoq-4a), 126.3 (CH, arom., BPH4 gp.), 126.3 (CH, arom., isoq-5), 129.1 (CH, 
arom., isoq-7), 134.3 (CH, arom., isoq-6), 136.0 (C quat., C=N, isoq-8a), 136.4 (CH, 
arom., BPH4 gp.), 138.9 (CH, arom.,isoq-8), 163.5 (4 x C quat., q,] 196.4 Hz, arom., 
C-Bipso in BPH4 gp.), 176.0 (CH, HC=N, isoq-l); mlz 284 [M'], exact mass calcd . 
. for cation CI9H26NO 284.2014 found 284.2018. 
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(-HIS ,4R)-2-Hydroxyimino-7, 7 -dimethylbicyclo [2.2 .IJheptane-l-carbo xylic 
acid: 78 
-~ 
OH 
-
Ketopinic acid (62)' (5.80 g, 32.0 mmol) was dissolved in ethanol (40 ml). 
Hydroxylamine solution in water (4.75 g, 0.14 mol, 50% w/w) was added and the 
reaction mixture was stirred for 10 minutes. The mixture was then washed with ice 
cold ethanol (25 ml). Filtration under vacuum resulted in a white powder, which was 
dried under high vacuum to afford hydroxylamine (78) (5.43 g, 86%) yield, mp 216 
°C, (lit. mp 216 0C).88 [aJ2oo -93.7 (c 1.02, DMSO); vmax(nujol)/cm·1 3256, 3158, 
2923, 2853, 2625, 1700, 1676, 1562, 1377, 1328, 1290, 968, 720; oH(250 MHz; 
DMSO-d6) 0.91 (3 H, S, CCH3CH3, C8), 1.05 (3 H, S, CCH3CH3, C9), 1.15-1.26 (1 H, 
m, exo at C6), 1.45-1.56 (1 H, m, exo at C5), 1.79-1.96 (3 H, m, exo at C3, endo at 
C5, and bridgeheadH at C4), 2.11-2.18 (I H, m, endo at C6), 2.50-2.59 (1 H, m, endo 
at C3), 5.71 (1 H, hr. s, N-OH,C2); oH(62.5 MHz; DMSO-d6) 18.6 (CH3, C8), 21.8 
(CH3, C9), 25.8 (CH2, C5), 28.2 (CH2, C6), 36.3 (CH2, C3), 44.4 (CH, C4), 59.7 (C 
- quat., C7), 59.7 (C quat., C=N-OH, C2), 172.8 (C quat., HO-C=O, CI0); mlz 197 
+ . [M], exact mass caIcd. for ClOH1SN03 197.1052 found 197.1055. 
(-)-Mixtnre of: [(lS,2R,4R)-2-(3,4-Dihydroisoquinolinium-2-yl)-7,7-dimethyl-
bicyclo-[2.2.1)hept-l-yl)methanol tetraphenylborate: 76 and (IS,4R,14R)-19.19-
Dimethyl-3-oxa-13-azapentacyclo [14.2.1.01.14.04,13.05,1°) onadeca-5(10).6.8-triene: 
81 
{lS,2R,4R}-Amino alcohol (80): The oxime (78) (7.00 g, 35.5 mmol) was added 
protonwise to a solution ofLAH (160 ml, 1 M) in THF at 0 °C. Once the addition was 
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completed, the reaction was refluxed for 12 h. with vigorous stirring. The mixture was 
cooled down to 0 °C. Ethyl acetate (50 ml) was added dropwise, followed by an 
aqueous solution of sodium hydroxide (100 ml, 5 M). This mixture was left to stir for 
1 h before it was extracted with diethyl etner (3 x 100 ml). The organic fractions were 
. washed once with brine (50 ml). Then 'dried over anhydrous sodium sulphate, filtered 
and vacuum dried, to afford (80) (1.79 g, 30%) yield of yellow oil; vmainujol)/cm-I 
. 3209, 2923, 2854, 2369, 2261, 1461, 1377, 1194, 1050, 772; this was used directly 
into the next step utilizing the general procedure for iminium salt formation to afford 
(1.08 g, 28%) yield of light yellow powder consisting of an exo mixture of the 
salt/ring-closed products ina 1.7:1.0 ratio, mp 171-172 °C; vma.(nujol)/cm-I 3192, 
2922, 1650, 1604, 1577, 1459, 1425, 1377, 1342, 1226, 1137, 1032, 750, 733, 704; 
Salt (76): [(IS)-2-(3,4-dihydroisoquinolinium-2-yl)-7, 7 -dimethylbicyC\o[2.2.1]-hept-
l-yl] methanol tetraphenylborate 
liH(400 MHz; DMSO-d6, 105°C) 0.79 (3 H, s, CCH3CH3, C8), 1.13 (3 H, s, 
CCH3CH3, C9), 1.15-1.39 (2 H, m, exo at CS and C6), 1.60-1.63 (1 H, m, endo at C2), 
1.68-1.70 (2 H, m, endo at CS and C6), 1.85-1.90 (2 H, m, exo at C3 and bridgehead 
at C4), 2.18-2.22 (1 H, m, endo at C3), 2.77 (1 H, br. s, OH), 3.08 (2 H, t, J 7.2 Hz, 
ArCH2, isoq-4), 3.68-3.87 (2 H, m, isoq-3), 4.65 (1 H, d, J 12.4 Hz, N-HCH, CI0), 
4.77 (1 H, dd, J 1.2 and 12.4 Hz, N-HCH, ClO), 6.66 (4 H, t, J3.6 Hz, arom., para in 
BPi4 gp.), 6.79 (8 H, t, J 7.6 Hz, arom., ortho in BPi4 gp.), 7.02 (1 H, t, J 2.4 Hz, 
isoq-7), 7.11-7.15 (8 H, m, arom., meta in BPi4 gp.), 7.22 (1 H, br. s, isoq-5), 7.59-
7.64 (2 H, m, arom, isoq-6 and isoq-B), 8.71 (1 H, s, HC=N, isoq-l); lic(100 MHz; 
DMSO-d6) 20.3 (CH3, C8), 22.3 (CH3, C9), 2S.6(CH2,CS), 26.5 (CH2,C6), 27.4 
(CH2, C3), 34.4 (CH2, isoq-4), 46.7 (CH, C4), 51.3 (C quat., C7), 52.8 (C quat., Cl), 
58.05 (C quat., CI0), 69.8 (CH2, isoq-3), 74.0 (CH, CNH, C2), 122.4 (8 x CH, arom., 
ortho in BPH4 gp.), 125.9 (C quat., arom., isoq-4a), 126.6 (4 x CH, arom., para in 
BPi4 gp.), 128.1 (CH, arom., isoq-5), 129.2 (CH, arom., isoq-7), 135.0 (CH, arom., 
isoq-6), 136.8 (8 x CH, arom., meta in BP~ gp.), 138.6 (C quat., arom., isoq-Ba), 
139.1 (CH, arom., isoq-B), 164.8 (4 x C quat., q, J 196.4 Hz, arom., C-B ipso in BPi4 
gp.), 166.7 (CH, HC=N, isoq-l); mlz 284 [M+] , exact. mass calcd. for cation 
CI9H26NO 284.2014 found 284.2008; Ring closed (81): (IS,4R,14R)-19.19-dimethyl- . 
3-oxa-13-azapentacyclo-[14.2.1.0 1.14 .04•13 .Os.lO]nonadeca-S(10).6.8-triene 
liH(400 MHz; DMSO-d6, 105°C) 0.84 (3H, s, CCH3CH3, C8), 0.92 (3 H, s, 
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CCH3CH3, C9), 1.16-i.l9 (2 H, m, exo at C5 and C6), 1.61-1.65 (2 H, m, endo at C5 
and C6), 1.73-1.80 (2H, rn, exo at C3 and bridgehead at C4), 2.02-2.16 (1 H, m, endo 
at C3), 2.52 (2 H, t, J7.2 Hz, ArCH2, isoq-4),2.61-2.64 (1 H, m, endo at C2), 2.86 (2 
H, ni, isoq-3), 3.61 (1 H, d, J 12.0 Hz, N-HCH, CI0), 3.97 (1 H, d, J, 12.0 Hz, N-, 
HCH, ClO), 4.26 (1 H, br. s, N-CH-O, isoq-l), 6.92 (1 H, t, J 1.2 Hz, isoq-7), 7.21 (1 
H, br. s, isoq-5), 7.24-7.41 (2 H,m, arom, isoq-6 and isoq-8); cSc(100 MHz; DMSO-
d6), 20.33 (CH3, C8), 22.28 (CH3, C9), 24.60 (CH2, C5), 26.19 (CH2, C6), 27.47 
(CH2, C3), 32.03 (CH2, isoq-4), 45.60 (CH2, C4), 48.44 (C quat., C7), 57.17 (C quat., 
Cl), 61.61 (CH2, isoq-3)~ 73.99 (CH, CNH, C2), 79.32 (C quat., CI0), 92.02 (CH, 
HC=N, isoq-l), 125.88 (C quat., arom., isoq-4a), 128.10 (CH, arom., isoq-5), 129.47 
(CH, arom., isoq-7), 130.99 (CH, arom., isoq-8), 133.09 (C quat., arom., isoq-8a), 
135.0 (CH, arom., isoq-6). 
General procedure for the synthesis ofWeinreb Amides from N-protected amino 
acids and N,O-dimethylhydroxylamine hydrochloride using EDCI: , 
I 
'O~NXO 0 ~, ~JlrrR2 
A solution of the N-protected amino acid in DCM (30 ml per g of amino acid, 1.00 
equivalent), was cooled to -15°C, in a one-neck round bottomed flask. N,O-
dimethylhydroxylamine hydrochloride (1.03 eq) was added followed by N-methyl 
morpholine (NMM) (1.03 eq). The solution was stirred for a 2 minutes before the 
addition of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (1.03 eq) 
portion wise over a period of 1 h. The reaction ~ixture was stirred for a further 1 h at 
-15°C. The organic solvent was then washed with ice-cooled HCI (10 ml per,g of 
amino,acid, 1 N), saturated aqueous sodium bicarbonate (10 ml per g of amino acid), 
and brine (10 ml per g of amino acid). The organic solvents were dried over 
'anhydrous sodium sulphate, filtered and rotary evaporated to afford the desired 
Weinreb Amide in excellent yield.37,4o,89 , 
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(+)-Phenylm~thyl N-[ (1S)-2-[ methyl( methyloxy)amin 0)-2-oxo-l-(phenylmethyl)-
ethyl) carbamate: 85 
Prepared according to the general procedure and purified by column chromatography 
. to afford N-Cbz-L-phenylalaninamide (85) in (2.22 g, 97%) yield as viscous colourless 
. oil. [a]zoD +12.7 (c 1.04, CHCh); (Found C, 65.08; H, 6.44; N, 7.58. C19HzzNz04 
requires C, 66.65; H, 6.48; N, 8.18%); vmax(neat)/cm·1 3306, 3063, 3030, 2940, 1722, 
1660, 1530, 1497, 1454, 1391, 1250, 1049,751; I5H(400 MHz; CDCh) 2.91 (1 H, dd, 
J 7.2 and 15.6 Hz, PbHCH, C3), 3.07 (1 H, dd, J 6.0 and H6 Hz, PhHCH, C3), 3.16 
(3 H, s, NCH3), 3.67 (3 H, s, OCH3), 5.00-5.10(3 H, m, CH, C2 and N-Cbz CH2Ph), 
5.50 (1 H, d, J7.6 Hz, NH), 7.21-7.38 (10 H, m, arom., 2 x Ph); 15c(100 MHz; CDCh) 
32.5 (CH3, NCH3), 39.1 (CH2, C3), 52.5 (CH3, OCH3), 61.9 (CH, C2), 67.8 (CH2, N-
Cbz CH2Ph), 127.3, 128.1, 128.4, 128.8, 129.5, 129.9 (10 x CH, arom., 2 x Ph gp.), . 
136.7,156.8 (C quat., arom., ipso in Ph gp.), 156.9 (C quat., N-Cbz C=O), 172.9 (C 
quat., Cl); m/z 342 [M+], exact mass calcd. for C19H22Nz04 342.1580 found 
342.1574.89 
General procedure for the reduction of N-protected amino Weinreb Amides to 
the aldehydes using Lithium aluminium hydride: 
I 
A solution of the N-protected amino Weinreb Amide in THF (15 ml per g of amino 
Weinreb Amide, 1.0 eq), was cooled down to 0 °C in an ice bath. Fresh LAH solution 
in THF (0.5 eq, 1 m) was added dropwise with stirring. Once the addition was 
completed, the mixture was stirred for a further 30 minutes at 0 QC, before cooling it 
to -15°C. A saturated aqueous solution of potassium hydrogen sulphate (10 ml per g 
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of amino Weinreb Amide) was added carefully, followed by a dilution with diethyl 
ether (25 ml per g of amino Weinreb Amide) under vigorous stirring for a further 30 
minutes. The organic fraction was separated, dried over anhydrous sodium sulphate, 
filtered and vacuum dried to afford the expected aldehyde.37,9o 
(+)-Phenylmethyl N-[(1S)-1-formyl-2-phenylethyl)carbamate: 86 
I 
'&N 0 0 . H ...... ,-::;::::.O 0 "N-CbzCHzPh 
. )\"'0[0 /L)\...°20'" 
H 1 ----:- O· H N-C" Coo 1 r . .& r .&. 
",I . ",I 
Prepared according to the general procedure to afford N-Cbz-L-phenylalaninal (86) in 
(1.50 g, 88%) yield as a white solid, mp 68-69 °C, (lit. mp 69-71 0C).91 [a]2oD +28.0 
(c 1.07, CHCh), (lit. [a]2oD +21.0 (c 1.00, MeOH)91); (Found C, 69.56; H, 6.35; N, 
4.53. C17H17N03 requires C, 72.07; H, 6.05; N, 4.94%); v';ax(film)/cm-1 3340, 3063, 
3030,2973, 2870, 1704,1514, 1497, 1408, 1343, 1260, 1114, 1047, 744; 15" (250 
MHz; CDCh) 3.14 (2 H, d, J 6.6 Hz, PhCHz, C3), 4.52 (1 H, q, J 6.6 Hz, C2), 5.11 (2 
H, m, N-Cbz CHzPh), 5.32 (1 H, d, J5.4 Hz, NH), 7.11-7.35 (10 H, m, arom., 2 x Ph), 
9.64 (1 H, s, CHO, Cl); 15c(100 MHz; CDCh) 35.8 (CH2, C3), 61.5(CH, C2), 67.5 
(CH2, N-Cbz CfhPh), 128.1, 128.7, 128.8, 129.0, 129.4, 129.8 (10 x CH, arom., 2 x 
Ph gp.), 130.8, 136.5 (2 x C quat., arom., ipso in 2 x Ph gp.), 156.3 (C quat., N-Cbz 
C=O), 199.2 (CH, CHO, Cl); mlz 283 [M+], exact mass calcd. for C17H17N03 
283.1208 found 283.1209. 
(-)-Methyl (2S)-3-phenyI-2-({[(phenylmethyI)oxy)carbonyI}amino)propanoate: 
87 
. Methanol (25.0 ml, 99%), was cooled to 0 °C in an ice bath and over a period of 10 
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minutes, acetyl chloride (3.40 ml, 39.2 mmol) was added dropwise. Once the addition 
was completed, it was stirred for a further 5 minutes. N-Cbz-L-phenylalanine (84) 
(5.00 g, 16.7 mmol) was added in one quick portion and slowly heated to reflux. The 
reaction was maintained at reflux for 2 h before cooling it' to ambient temperature. 
The solvent was removed by' rotary evaporation to afford N-Cbz-L-phenylalanine 
methyl ester (87) in (5.18 g, 99%) yield as acream white semi-solid. [o.]20D -10.6 (c 
, 1.00, MeOH), (lit. [0.]2°0 -17.0 (c 1.00, MeOHtl); (Found C, 68.45; H, 6.16; N, 4.40. 
CJ8HI9N04 require~ C, 68.99; H, 6.11; N, 4.47%); vmax(neat)/cm'l 3341, 3063, 3030, 
2952,2849; 2628, 1956, 1884, 1745, 1723, 1604, 1585, 1520, 1498, 1455, 1352, 
1242, 1214, 1052, 1056, 1028, 742; IiH(250 MHz; CDCh) 3.60 (2 H, t, J 5.9 Hz, 
PhCH2, C3), 3.70 (3 H, s, OCH), 4.66 (1 H, dd, J 6.1 and 14.0 Hz, HC-CO, C2), 5.09 
(2 H, s, N-Cbz CH2Ph), 5.27 (1 H, d, J7.6 Hz, NH), 7.21-7.38 (10 H, m, arom., 2 x 
Ph gp.); lic(100 MHz; CD)OD) 38.6 (CH2, C3), 52.7 (CH), OCH), 56.8 (CH, C2), 
67.5 (CH2, N-Cbz CH2Ph), 127.7, 128.2, 129.0, 129.3, 129.4, 129.9 (10 x CH, arom., 
2 x Ph gp.), 138.1, 138.3 (2 x C quat., arom., ipso in Ph gp.), 158.3 (C quat., N-Cbz 
C=O), 173.9 (C quat., Cl); m/z 313 [M'], exact mass calcd. for CIsHI9N04 313.1314 
found 313.1316. 
(-)-Phenylmethyl N-[(1S)-2-hydroxy-l-(phenylmethyl)ethyl)carbamate: 88 
N-Cbz-L-phenylalanine (84) (1.00 g, 3.34 mmol) was dissolved in DME (5.0 ml). The 
'mixture was cooled to -15 QC and to it, NMM (0.37 ml, 3.34 mmol) was added, 
followed by is?butyl chlorofonnate (0.44 ml, 3.34 mmol). After 1 minute, the 
precipitated N-methyl morpholine hydrochloride was filtered off and washed with 
DME (2 x 2 ml). The filtrates (turned pink) were placed in a large conical flask, which 
in turn was placed in an ice-cooled bath; To the reaction mixture, sodium borohydride 
(0.52 g, 5.01 mmol) was added as a solution in water (4.0 rnl), followed immediately 
by water (100 ml). Hydrogen gas bubbled out as the borohydride was added. The 
mixture was left until the desired product precipitated. The product was washed with 
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water and hexane. N-Cbz-L-phenylalaninol (88) was obtained in (0.94 g, 99%) yield 
as a white powder, mp 96-97 °C (from hot water); (lit. mp 93-94 0C).44 [aj20D -22.4 (c 
1.00, CHCb), (lit. [aj20D -28.6 (c 1.00, CHCb)45); (Found C, 71.34; H, 6.69; N, 4.83. 
C17H19N03 requires C, 71.56; H, 6.71; N, 4.91%); vmax(film)/cm·1 3349, 2954, 2924, 
2894,1690,1540,1456,1377,1314,1258,1018,743; 8H(250 MHz; CDCI3) 2.17 (1 
H, br. s, OH), 2.86 (2 H, d, J7.2 Hz, PhCH2, C3), 3.39-3.71 (2 H, m, CH20H, Cl), 
3.95 (1 H, m, C2), 4.98 (1 H, d, J7.9 Hz, NH), 5.07 (2 H, s, N-Cbz CH2Ph), 7.18-7.29 
(10 H, m, arom., 2 x Ph gp.); mlz 285 [11'"j, exact mass calcd. for C17H19N03 
285.1365 found 285.1364. 
(-)-Ph enylmethyl N-[(1S)-2,2-dimethyl( oxy)-l-(phenylmethyl)ethyl) carb amate: 
90 
N-Cbz-L-phenylalaninal (88) (0.60 g, 2.12 mmol) was dissolved in a 50:50 mixture of 
methanol and trimethyl orthoformate (10 ml), with a catalytic amount of PTSA. The 
mixture was stirred for 48 h before adding a saturated aqueous solution of sodium 
bicarbonate (20 ml). The organic phase was reduced under pressure and diluted with 
DCM (30 ml). The organic layer was separated, dried over anhydrous sodium 
sulphate, filtered and removed by rotary evaporation to afford N-Cbz-L-
phenylalanine-dimethyl acetal (90) in (0.69 g, 99%) yield as awhite powder, mp 69-
72°C, (lit. mp 75-76 0C).48 [afoD ":"33.1 (c 1.04, CHCb), (lit. [aj20D -8.4 (c 1.22, 
CHCb)92); (Found C, 69.22; H, 6.94; N, 4.32. C19H23N04 requires C, 69.28; H, 7.04; 
N,4.25%); vmax(film)/cm-1 3333, 3062, 3029, 2936, 1708, 1604: 1512, 1457, 1454, 
1317, 1249, 1120, 1063, 746; 8H(400 MHz; CDCb, 55°C) 2.59 (1 H, dd, J 8.2 and 
14.2 Hz, PhHCH,C3), 2.93 (1 H, dd, J 5.8 and 14.2 Hz, PhHCH, C3), 3.27 (3 H, s, 
OCH3), 3.31 (3 H, s, OCH3); 3.97-3.99 (1 H, m, C2),4.10 (1 H, d, n.6 Hz, Cl), 4.77 
(1 H, d, J 4.4 Hz, NH), 4.91 (1 H, d, J 12.4 Hz, N-Cbz HCHPh), 4.97 (1 H, d, J 10.0 
Hz, N-Cbz HCHPh), 7.08-7.21 (10H, m, arom., 2 x Ph gp.); 8c(100 MHz; CDCb) 
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35.0 (CH2, C3), 50.4 (CH, C2), 54.5 (CH3, OCH3), 54.7 (CH3, OCH3), 65.5 (CH2, N-
Cbz CH2Ph), 103.8 (CH, Cl), 125.4, 126.9, 127.1, 127.4, 127.5, 128.0 (10 x CH, 
arom., 2 x Ph gp.), 135.6, 136.8 (2 x C quat.,arom., ipso in 2 x Ph gp.), 155.1 (C 
quat., N-Cbz C=O); m/z 329 [M'], exact mass calcd. for C19H23N04. 329.1623 found 
329.1619. 
(-)-Phenylmethyl N-{(IS)-I-[( 4R,6R)-4,6~dimethyl-l ,3-dioxane-2-yl]-2-phenyl-
ethyl}carbamate: 91 
N-Cbz-L-phenylalaninal (86) (2.70 g, 9.54 mmol) and (-)-(2R,4R) pentanediol (1.20 
g, 0.12 mol) were dissolved in dry DCM (50 ml) with a catalytic amount ofBF3.Et20. 
This mixture was stirred at room temperature overnight, before washing it once with 
saturated sodium bicarbonate solution (25 ml). The organic fraction was dried over 
anhydrous sodium sulphate, filtered and removed by rotary evaporation to afford 
(2.15 g, 61%) yield as white crystals, mp 92-93 °C (from hexane), (lit. mp 90-91 
°C).48.93 [0.]2°0 -39.6 (c 1.01, CHCh); (Found C, 71.01; H, 7.32; N, 3.66. C22H27N04 . 
requires C, 71.52; H, 7.37; N, 3.79%); vmax(film)/cm-1 3345, 3063, 3032, 2971, 2866; 
1690, 1542, 1455, 1378, 1260, 1140, 1022, 756, 732, 704; oH(400 MHz; CDCh, 55 
0c) 1.07 (3 H, dd, J 5.8 and 17.2 Hz, CH3, Cl '), 1.17 (3 H, dd, J 7.0 and 15.2 Hz, 
CH3, C5'), 1.68 (2 H, td, J2.0 and 6.0 Hz, C3'), 2.75-2.87 (2 H, m, PhCH2, C3); 3.77-
·3.79 (1 H, m, CHeq, C4'), 3.82-3.89 (1 H, m, CHax, C2'), 4.17-4.22 (1 H, m, C2), 4.72 
(1 H, dd, J2.8 and 13.2 Hz, Cl), 4.90-4.95 (2 H, m, N-Cbz CH2Ph), 4.97 (1 H, d, J 
12.4 Hz, NH), 7.11-7.21 (10 H, m, arom., 2 x Ph gp.); Oc (100 MHz; CDCh, 50°C) 
15.9 (CH3, Cl '),20.6 (CH3, C5'), 35.0 (CH2, C3), 35.7 (CH2, C3'), 54.3 (CH, C2), 
65.4 (CH2, N-CH2Ph), 66.3 (CH, C2'), 67.7 (CH, C4'), 91.4 (CH, Cl), 125.2, 126.9, 
127.2, 127.4, 128.4, 128.4 (10 x CH, arom., 2 x Ph gp.), 135.7, 137.1 (2 x C quat., 
arom., ipso 2 x Ph gp.), 155.1 (C quat., N-Cbz C=O); mlz 369 [M+], exact mass calcd. 
for C22H27N04369.1940 found 369.1937. 
139 
(1S)-1-[(4R,6R)-4,6-Dimethyl-l,3-dioxan-2-yl]-2-phenylethan-I-amine: 92 
Compound (91) (1.20 g, 3.25 mmol) was dissolved in ethanol (60 ml) with a catalytic 
amount of Palladium on charcoal (10 %) and stirred at room temperature for 3 h under 
an atmosphere of hydrogen. The mixture was then filtered through a pad of Celite® 
and washed with ethanol (20 ml). The ethanolic fractions were dried over anhydrous 
sodium sulphate, filtered and removed by rotary evaporation to. afford amine (92) 
(0.74 g, 99%) yield as yellow oil. vmax(neat)/cm·1 3376, 3027, 2972, 2932, 2360,1602, 
1495, 1454, 1378, 1240, 1139, 1104, 1030,848,748,701; 15H(400 MHz; CDCh) 1.21 
(3 H, dd, J 1.6 and 9.8 Hz, CH3, Cl '), 1.32 (3 H, dd, J 1.6 and 10.8 Hz, CH3, C5'), 
1.55 (2 H, br. s, NH2), 1.83 (2 H, dd, J 8.0 and 12.0 Hz, C3 '), 2.43 (1 H, d, J 8.0 Hz, 
PhHCH, C3), 3.02 (1 H, dt, J 2.0 and 4.0 Hz, C2), 3.07 (1 H, d, J 8.0 Hz, PhHCH, 
C3), 3.92-3.97 (1 H, m, C4' eq), 4.32-4.36 (1 H, m, C2' ax), 4.~4 (1 H, d, J 4.0 Hz, Cl), 
7.18-7.30 (5 H, m, arom., Ph gp.); 15c(IOO MHz; CDCh) 17.6 (CH3, ch, 22.2 (CH3, 
C5'), 37.3 (CH2, C3), 38.9 (CH2, C3'), 56.2 (CH, C2), 67.8 (CH, C2'), 68.5 (CH, 
C4'), 95.3 (CH, Cl), 126.5, 128.9, 129.8 (5 x CH, arom., Ph gp.), 139.5 (C quat., ipso 
. + in Ph gp.); mlz 235 [M ], exact mass calcd. for CI4H2IN02235.1572 found 235.1569. 
(-)-2-(1S)-1-[ (4R,6R)-4,6-Dimethyl-l ,3-dioxan-2-yl]-2-phenylethyl-3,4-dihydro-
isoquinolinium tetraphenylborate: 93 
"""(Y 
o 
Prepared according to the general procedure in (0.36 g, 18%) yield as a white 
crystalline product, mp 132-134 °C (from ethanol). [a]20o -45.6 (c 1.00, DMSO); 
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(Found C, 87.73; H, 7.53; N, 2.07. C47H4SBN02 requires C, 84.29; H, 7.22; N, 
2.09%); vma.(film)/cm-1 3444, 3054, 2982, 2360, 1643, 1604, 1573, 1479, 1455, 1426, 
1377, 1102, 1032,734,705; oH(400 MHz; CD3CN) 1.10 (3 H, dd, J 1.6 and 6.5 Hz,' 
CH3, Cl'), 1.33 (3 H, d, J 6.8 Ez, CH3, CS'), 1.43-1.46 (2 H, t, J 8.0 and 12.0 Hz, 
C3'), 3.00-3.08 (2 H, m, ArCH2, isoq-4), 3.12 (1 H, dd, J 8.8 and 14.2 Hz, PhHCH, 
C3), 3.38 (1 H, dd, J 7.2 and 14.2 Hz, PhHCH, C3), 3.93-4.00 (1 H, m, C2), [4.1 0-
4.26 (3 H, m, C4' eq, and CH2N, isoq-3)], 4.29-4.38 (I H, m, C2' ax), 5.14 (1 H, d, J3.2 
. Hz, Cl), 6.83 (4 H, dt, J 1.2 and 7.2 Hz, arom.,para in BPI4 gp.), 6.98 (8 H, t, J7.6 . 
Hz, arom., ortho in BPI4 gp.), 7.18-7.20 (5 H, m, arom., Ph gp.), 7.26-7.34 (8 H, m, 
arom., meta in BPl4gp), 7.40 (1 H, d,J7.5 Hz, arom., isoq-5), 7.42 (1 H, t, J7.5 Hz, 
arom., isoq-7), 7.71 (1 H, t, J 7.9 Hz, arom., isoq-6), 7.80 (I H, d, J 7.6 Hz, arom., 
isoq-8), 8.68(1 H, s, HC=N, isoq-l); oc(100 MHz; CD3CN) 23.5 (CH3, Cl'), 28.5 
(CH3, CS'), 32:4 (CH2, C3), 40.8 (CH2, isoq-4), 43.7 (CH2, C3'), 57.2 (CH2, CH2N, 
isoq-3), 75.6 (CH, C2'), 76.8 (CH, C4'), 81.5 (CH, C2), 98.2 (CH, Cl), 129.4 (CH, 
arom., isoq-5), 132.0 (CH, arom., isoq-7), 133.2 (C quat., arom., isoq-4a), 133.2, 
133.3 (4 x CH, arom., Ph gp.), 135.1 (CH, arom., isoq-6), 136.1 (CH, arom., Ph gp.), 
136.2 (4 x CH, arom., para in BPI4 gp.), 136.7 (8 x CH, arom., ortho in BPI4 gp.), 
141.7 (CH, arom., isoq-8), 142.7 (C quat., arom., isoq-8a), 143.4 (8 x CH, arom., 
meta in BPI4 gp.), 146.4 (C quat., arom., ipso in Ph gp.), 172.0 (4 x C quat., q, J 
196.4 Hz, arom., CoB ipso in BPI4 gp.), 175.0 (CH, HC=N, isoq-l); mlz 350 [M+], 
exact mass ca1cd. for cation C23H2SN02 350.2120 found 350.2122. 
(+)-Methyl (1S)-7, 7-dimethyl-2-oxobicyclo[2.2.1]heptane-l-carboxylate: 98 
o~ -
OH 
Thionyl chloride (2.98 ml, 41.2 mmol) was added dropwise to a stirred solution of 
methanol (30 ml) at 0 °C. Ketopinic acid (62) (5.00 g, 27.4 mmol) was added after 5 
minutes. The reaction was stirred overnight at ambient temperature. The solvent 'was 
removed under vacuum, before adding a saturated aqueous solution of sodium 
bicarbonate (50 ml). The aqueous phase was extracted with DCM (3 x 20 ml), which 
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in turn were combined, dried over anhydrous magnesium sulphate, filtered, and 
evaporated to dryness to afford (IS,4R)-ketopinic methyl ester (98) (4.28 g, 80%) 
yieldas a white solid, mp 41-43 °C, (lit mp 37-39 °C).49 [a]20o +39.2 (c 1.02, CHCh), 
(lit. [a]27o +38.4 (c 0.86, CH2Ch)49); vmax(film)/cm'! 3461, 2962, 1752, 1724, 1435, 
1390, 1373, 1325, 1281, 1233, 1120, 1104, 1035,792; oH(400 MHz; CDCh) 1.01 (3 
H, s, CCH3CHJ, C8), 1.09 (3 H, s, CCH3CH3, C9), 1.39 (1 H, ddd, J 4.6,6.6 and 16.5 
Hz, exo at CS), 1.72 (1 H, ddd,J 6.8,7.7 and 7.9 Hz, exo at C6), 1.88 (1 H, d, J29.2 
Hz, exo atC3), 1.94-2.01 (1 H, m, bridgehead Hat C4), 2.05 (1 H, t, J 6.8 Hz, endo at 
C5), 2.24-2.36 (1 H, m, endo at C3), 2.47 (1 H, dt, J 4.1 and 29.2 Hz, endo at C6), 
3.68 (3 H, s, OCH3); oc(100 MHz; CDCh) 19.8 (CH), C8), 21.3 (CH), C9), 26.4 
(CH2, CS); 26.4 (CH2, C6), 43.9 (CH2, C3), 44.3 (CH, C4), 49.2 (C quat., C7), 51.8 
(CH3, OCH3), 68.1 (C quat., Cl), 174.8 (C quat., CIO), 208.1 (equat., C=O, C2); mlz 
196 [M+], exact mass calcd. for CIlH!603 196.1100 found 196.1100. 
(-)-Methyl (IS,2R,4R)~2-hydroxy-7, 7-dimethylhicyc\o [2.2.1 )heptane-l-
carboxylate: 99 
-
A solution of (IS,4R)-ketopinic methyl ester (98) (4.00 g, 20.4, mmol) in anhydrous 
THF (60 ml) was cooled to -78°C. L·Selectride® (25 ml, 24.5 mmol, 1 m solution in 
THF) was added dropwise. Once the addition was complete, the reaction was stirred 
for 30 minutes at -78°C. Aqueous solution sodium hydroxide (8 ml, 6 m) was added 
slowly followed by hydrogen peroxide (8 ml, 30% solution). The aqueous solvent was 
extracted with ethyl acetate (4 x 20 ml). The organic fractions were dried over 
anhydrous magnesium sulphate, filtered, and removed by rotary evaporation to 
provide a brown solid recrystallized from hexane to afford (99) in (1.30 g, 35%) yield 
as white crystals, mp 63·64 °C (from hexane), (lit. mp 58-59 0C).49 [a]20o -30.9 (c 
. 1.01, CHCh), (lit. [a]29o -30.6 (c 1.01)49); (Found C, 66.72; H, 9.08. CIlH!903 
requires C,66.64; H, 9.15%); vmaX<film)icm'! 3373, 2959, 1720, 1455, 1322, 1181, . 
1100, 1061, 1013,942, 867,793; oH(400 MHz; CDCh) 1.00 (3 H, S, CCH3CH3, C8), 
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1.01-1.06 (1 H, m, exo at CS), 1.62 (3 H, s, CCH3CH3, C9), 1.24 (1 H, ddd, J 3.8,4.3 . 
and 11.2 Hz, exo at C6), 1.65 (1 H, d, J 7.9 Hz, exo at C3), 1.67-1.71 (1 H, m, 
bridgehead Hat C4), 1.75 (1 H, td, J3.9 and 8.1 Hz, endo at CS), 1.78-1.85 (1 H, m, 
endo at C3), 2.02 (1 H, td, J 4.2 and 12.1 Hz, endoat C6), 3.66 (3 H, s, OCH3), 3.97 
(1 H, dd, J 3.4 and 8.1 Hz, endo at C2); 8c(IOO MHz; CDCh) 19.6 (CH3, C8), 20.8 
. (CH3, C9), 26.5 (CH2, CS), 29.7 (CH2, C6), 38.6 (CH2, C3), 44.3 (CH, C4), 48.3 (C 
quat., C7), 50.4 (CH3, OCH3), 57.4 (C quat., Cl), 57.5 (CH, HO-CH, C2), 174:8 (C 
quat., CIO); mlz 199 [M+j, exact mass calcd. for CllH I903199.1334 found 199.1340. 
H-(lR,2R,4R)-1-(Hydroxymethyl)-7, 7-dimethyl bicyclo[2.2.1]heptan-2-ol: 96 
. ·~OH~ o~ l . 
-,;,....-' 
.·1\-, I.-:I_l.OH 
., ' 
.. 
CH 
Compound (99) (3.50g, 20;8 minol) dissolved in THF (50 ml) was cooled to 0 QC. 
LAH (17.9 ml, 17.9 mmol, 1 m solution in THF) was added dropwise, once the 
addition was complete,. the· reaction mixture was allowed· to warm to room 
temperature and stirred overnight. The solution was cooled to 0 °C again before 
carefully adding ethyl acetate (25 ml), followed by an aqueous solution of sodium 
hydroxide (25 ml, 5 rn) and was left to stir for 1 h. The organic solvent was extracted 
with diethyl ether (3 x 25 ml), followed by drying over anhydrous sodium sulphate, 
filtration, and removed by rotary evaporation to. afford· (1.92 g, 95%) yield as 
colourless hexagonal plates, mp 258-259 °C (from hexane and diethyl ether (3:1», 
(lit. mp 257.5-259 °C (from petroleum ether/9). [uj20n -43.6 (c 1.11, CHCh), (lit. 
[a]20o -38.2 (c 0.97, EtOH)49); (Found C, 70.40; H, 10.70. CIOH1S0 2 requires C, 
70.55; H, 10.66%); vmax(fihn)/cm·13385, 2985, 2360, 2244, 1455, 1389, 1370, 1167, 
·1121, 1007,908,734; 8H(400 MHz; CDCh) 0.81 (3H, s, CCH3CH3, C8), 0.94-1.08 (2 
H, rn, exo at CS and C6), 1.10 (3 H, s, CCH3CH3, C9), 1.38-1.45(1 H, rn, exo at C3), 
1.60-1.63 (1 H, m, bridgeheadH at C4), 1.64-1.65 (1 H, rn, endo at CS), 1.67 (1 H, d, 
J 8.0 Hz, endo at C6),1.72-1.77 (I H, m, endo at C3), 3.16 (1 H, OH), 3.51 (I H, 
OH), 3.63 (1 H, d, J 11.2 Hz, HCHOH, CI0), 3.85 (1 H, d, J 11.2 Hz, HCHOH, CIO), 
3.90 (1 H, dd, J 3.6 and 8.0 Hz, HO-CH, C2);8c(100 MHz; CDCh) 21.1 (CH3, C8), 
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21.4 (CH3, C9), 27.3 (CH2, CS), 30.4 (CH2, C6), 40.7 (CH2, C3), 46.4 (CH, C4), 46.8 
. (C quat., C7), 53.3 (C quat., Cl), 63.3 (CH2, C10), 78.5 (CH, C2). 
(-)-Phenylmethyl N-{ (1S)-1- [(lR,4R,6R,SR)-11,11-dimethyl-3,S-dioxatricycIo-
[6.2.1.01,6) undec-4-yl)-2-phenylethyljcarbamate: 100 
~~-
OH 
N-Cbz-L-phenylalaninal (86) (1.80 g, 6.36 mmol) and diol (96) .(1.30 g, 7.64 mmol) 
were dissolved in dry DCM (30 ml) with a catalytic amount of BF3.Et20. This 
mixture was stirred at room temperature overnight, before washing it once with 
aqueous saturated sodium bicarbonate solution (20 ml). The organic fraction was 
dried over anhydrous sodium sulphate, filtered and removed by rotary evaporation to 
afford (2.74 g, 55%) yield as yellow oil. [a]20o -48.2 (c 1.08, CHCh) (Found C, 
73.96; H, 7.71; N, 3.47. C27H33N04 requires C, 74.45;H, 7.64; N, 3.22%); 
vmax(film)/cm- I 3332, 3029, 2951, 2360,1720, 1510, 1454, 1370, 1248, 1131, 1028, 
738; 8H(250 MHz; CDCI3) 0.76 (1 H, ddd, J3.2, 4.2 and 10.9 Hz, exo at C5eam), 0.89 
(3 H, S, CCH3CHJ, C8eam), 0.94 (1 H, d, J 9.3 Hz, exo at C3eam), 0.98-1.09 (1 H, m, 
exo at C6eam), 1.20 (3 H, s, CCHJCH3, Cgeam), 1.22-1.38 (2 H, m, endo at C5cam and 
C6eam), 1.59-1.70 (2 H, m, endo at C3eam, and bridgehead Hat C4eam),2.75 (lH, dd, J 
8.7 and 13.9 Hz, PhHCH, C3), 2.90 (1 H, dd, J 6.4 and 13.9 Hz, PhHCH, C3), 3.58-
3.67 (1 H, m, C2eam), 3.66 (1 H, d, J12.3 Hz, OHCH ClOe•m), 3.97-4.12 (1 H, m, C2), 
4.03 (1 H, J 12.1 Hz, OHCH ClOeam), 4.42 (1 H, d, j 2.3 Hz, Cl), 5.01 (2 H, br. s, N-
Cbz CH2Ph), 5.04 (1 H, br. s, NH), 7.16-7.31 (10 H, m, arom., 2 x Ph gp.); 8c(100 
MHz; CDCh) 20.6 (CH3, C8eam), 22.7 (CH3, Cge,m), 27.4 (CH2, C5eam), 29.3 (CH2, 
C6e,m), 36.4 (CH2, C3eam), 37.6 (CHi, C3), 45.6 (C quat., C7e•m), 46.0 (C quat., 
C4e,m), 49.6 (CH, C2), 55.4 (C quat., C1 cam), 66.9 (CH2, C10eam), 67.8 (CH2, N-Cbz 
CH2Ph), 82.9 (CH, C2eam), 99.1 (CH, Cl), 126.7, 127.4, 127.9, 128.0, 128.3, 128.8, 
129.8 (10 x CH, arom., 2 x Ph gp.), 137.2, 138.5 (2 xC quat., arom., ipso in2 x Ph 
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gp.), 156.6 (C quat., N-Chz C=O); mlz 435, exact mass caJcd. for C27H34N04 [M+H] 
436.2488 found 436.2497. 
H-2-{{1S)-1-[{lR,4R,6R,8R)-11,ll-Dirnethyl-3,S-dioxatricyc1o[6.2.l.01,61-undec-
4-yI1-2-phenylethyl}-3,4-dihydroisoquinolinurn tetraphenylborate: 101 
~OH-
. OH 
Prepared according to the general procedure in (0.35 g, 19%)' overall (Cbz' 
hydrogenolysis to the amine) yield as yellow powder, rnp 92-94 °C (from ethanol). 
[a]20o -61.5 (c 1.06, CH3CN); (Found C, 82.89; H, 7.12; N, 1.82. CS2Hs4BN02 
requires C, 84.88; H, 7.40; N, 1.90%; :. CS2Hs4BN02.IH20); vma,,(fi1m)/cm·1 3426, 
3054, 2984, 2955, 2879, 2250, 1949, 1884, 1820, 1645, 1574, 1479, 1455, 1426, 
1370, 1143, 1076, 1032, 734, 705; oH(400 MHz; CD3CN) 0.83-0.88 (I H, m, exo at 
C5eam), 0.86 (3 H, S, CCH3CH3, C8eam), 0.90 (3 H, S, CCH3CH3, Cgeam), 1.01-1.06 (I 
H, m, exo at C6eam), 1.34-1.41 (I H, m, exo at C3eam), i.63-1.72 (3 H, m, endo at 
C5eam and C6eam, and bridgehead H at C4eam), 1.78-1.83 (1 H, m, endo at C3eam), 2.92 
(2 H, 'dd, J 8.0 and 16.0 Hz, ArCH2, isoq-4), 3.18 (1 H, dd, J 9.4 and 14.2 Hz, 
PhHCH, C3), 3.32 (1 H, d, J 6.8 and 14.4 Hz, PhHCH, C3), 3.53-3.56 (1 H, m, 
C2eam), 3.74-3.96 (2 H, m, CI0eam), 3.81 (1 H, d, J 11.6 Hz, NHCH, isoq-3), 4.16 (1 
H, d, J 12.4 Hz, NHCH, isoq-3), 4.32 (1 H, ddd, J 2.8, 4.0 and 8.2 Hz, C2), 4.76 (1 H, 
d, J2.8 Hz, Cl), 6.83 (4 H, tt, J 1.2 and 7.2 Hz, arom., para in BP~ gp.), 6.98 (8 H, t, 
J7.6 Hz, arom;, ortho in BP~ gp.), 7.16-7.21 (5 H, rn, arom., Ph gp.), 7.26-7.32 (9 H, 
m, arom., 8 x CH meta in BP~ gp. & CH isoq-5), 7.46 (I H, t, J 7.6 Hz, arom., isoq-
7),7.70-7.74 (2 H, dt, J 1.2 and 6.4 Hz, arom., isoq-6 & 8), 8.79 (1 H, s, HC=N, isoq-
1); oc(100 MHz; CD3CN) 20.8 (CH3, C8eam), 23.2 (CH3, Cgeam), 26.0 (CH2, C5eam), 
27.8 (CH2, C6eam), 29.8 (CH2, C3eam), 33.4 (CH2, C3), 38.0 (CH2, arom., isoq-4), 46.4 
(C quat., C7 cam), 46.8 (CH, C4eam), 52.3 (CH2, NCH2, isoq-3), 58.5 (C quat., Clearo), 
69.1 (CH2, CIOeam), 74.7 (CH, C2), 84.6 (CH, C2eam), 98.5 (CH, Cl), 123.3, 125.7, 
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127.1 (5 x CH, arom., Ph gp.), 127.1 (C quat., arom., isoq-8a), 127.1 (CH, arom., 
BPi4 gp.), 129.9 (CH, arom., isoq-5), 130.3 (CH, arom., isoq-7), 130.6 (CH, arom., 
BPi4 gp.), 135.7 (CH, arom., isoq-6), 136.6 (C quat., arom., ipso in Ph gp.), 137.2 
(CH, arom., BPi4 gp.), 138.6 (C quat., arom., isoq-4a), 140.3 (CH, arom., isoq-8), 
165.3 (C quat., q, J 196.0 Hz, arom., C-B ipso in BPi4 gp.), 169.4 (CH, N=CH, isoq-
1); mlz 416 [M'], exact mass calcd. for cation C2sH34N02 416.2433 found 416.2441. 
, 
General procedure for N-Cbz protection of. amino acids using benzyl 
.. chloroformate under basic aqueous conditions: 
o . 0 Jl .NH, __ Jl. J . 0'0· HO'Y 'HO'yl( I'" 
R, ~ 0 ~ 
Sodium hydrogen carbonate (41.9mmol) was dissolved in water (160 ml per 2 g of 
the amino acid). The amino acid (16.8 mmol) was added and stirred vigorously. 
Benzyl chloroformate (18.5 mmol) was added in five portions over a period of 15 
minutes. Once the addition was complete, the reaction was stirred for a further 3 h. 
The reaction solvent was washed with diethyl ether (2 x 50 ml). The aqueous phase 
was acidified with conc. HCI and extracted with diethyl ether (2 x 50 ml). The organic 
. extracts were washed with brine, dried over anhydrous sodium SUlphate and removed 
by rotary evaporation to afford the protected amino acid, generally as a white solid, 
. which can be recrystaIlized from ~thyl acetate and light petroleum.50•54 
(DL)-3-Phenyl-2-({[(phenylmethyl)oxyJcarbonyl}amino)propanoic acid: 103 
Prepared according to the general procedure to afford N-Cbz-(DL)-phenylalanine 
(103) in (1.63 g, 45%) yield as a white solid, mp 84-86 °C (from ethyl acetate and 
light petroleum), (lit. mp 92-95 0C);94 vmox(nujol)/cm· j 3318,3063,3031,2957, 1713, 
1605, 1586, 1520, 1498, 1454, 1416, 1346, 1262, 1059, 910, 735; 8H(250 MHz; 
CDCh) 3.09 (1 H, dd, J 6.4 and 14.1 Hz, PhHCH, C3), 3.21 (1 H, dd, J 5.5 and 14.2 
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Hz, PhHCH, C3), 4.68-4.71 (1 H, m, C2), 5.09 (2 H, br. s, N-Cbz CH2Ph), 5.22 (1 H, 
d, J 8.0 Hz, NH), 7.12-7.16 (2 H, m, arom., 2 x Ph), 7.25-7.34 (8 H, m, arom., 2 x Ph 
gp.), 9.08 (1 H, br. s, C02H, Cl); oH(62.5 MHz; CDCb) 37.9 (CH2, N-Cbz CH2Ph), 
54.9 (CH, C2), 67.6 (CH2, C3), 128.0, 128.5, 129.0, 129.3, 129.4 (10 x CH, arom., 2 x 
Ph gp.), 130.1, 136.3 (2 x C quat., arom., ipso in 2 x Ph gp.), 156.9 (C quat., N-Cbz 
C=O), 177.4 (C quat., Cl). 
H-Phenylmethyl N-[ (1S)-1-1,3-dioxolane-2-yl]-2-phenylethyl]carbamate: 110 
N-Cbz-L-phenylalaninal (86) (1.60 g, 5.70 mmol) and ethylene glycol (3.15 g, 0.51 
mol) were dissolved in dry DCM (35 ml) with a catalytic amount of BfJ,Et20, (until 
the yellow colour persisted). This mixture was stirred at room temperature overnight, 
before washing it once with saturated sodium bicarbonate solution (20 ml). The 
organic fraction was dried over anhydrous sodium sulphate, filtered and removed by 
rotary evaporation to afford (1.75 g, 95%) yield as white crystals, mp 87-88 °C (from 
diethyl ether and hexane). [a]2oD -38.9 (c 1.08, CHCb); (Found C, 69.50; H, 6.51; N, 
4.38. CI9H21N04 requires C, 69.71; H, 6.47; N, 4.28%); vmax(film)!cm-I 3334, 3063, 
3031,2938,2892,1701,1530, 1496, 1454, 1257, 1135, 1045, 1026,742; 15H(400 
MHz; CDCb) 2.82-2.93 (2 H, m, PhCH2, C3), 3.85-3.89 (2 H, m, OCH2CH20), 3.93-
3.96 (2 H, m, OCH2CH20), 4.21 (1 H, d, J 7.6Hz, Cl), 4.89 (1 H, d, J 2.4 Hz, C2), 
4.92 (1 H, d, J 8.4 Hz, NH), 5.02-5.04 (2 H, m, N-Cbz CH2Ph), 7.18-7.35 (10 H, m, 
arom., 2 x Ph gp.); 15c(100 MHz; CDCh) 37.0 (CH2, C3), 54.1 (CH, C2), 65.8 (2 x. 
CH2, OCH2CH20),67.1 (CH2, N-Cbz-CfhPh), 103.5 (CH, Cl), 126.9, 128.4, 128.5, 
. 128.8, 128.9, 129.7 (10 x CH, arom., 2 x Ph gp.), 137.0, 137.8 (2 x C quat., arom., 
ipso in both Ph gp.), 156.6 (C quat, N-Cbz C=O); mlz 327 [M+], exact mass calcd. for 
CI9H21N04327.1471 found 327.1545.95 
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(-)-Phenylmethyl N-(lS)-I-[(3aR,7aS)perhydro-l,3-benzodioxol-2-yl]-2-phenyl-
ethyl carbamate: 111 
N-Cbz-L-phenylalaninal (86) (1.24 g, 4.3 8 mmol) and cis-I,2-cyclohexanediol (0.61 
g, 5.25 mmol) were dissolved in dry DCM (50 ml) followed by dropwise addition of 
BF3.Et20 (0.27inl, 2.19 mmol). This mixture was stirred for 1 h at 0 °C, before 
washing it once with aqueous saturated sodium bicarbonate solution (25 ml). The 
organic fraction was separated and washed once with water and then once with brine, 
dried over anhydrous sodium sulphate, filtered, and removed by rotary evaporation to 
afford (1.41 g, 84%) yield as white crystals, mp 84-85 °C (from diethyl ether). [a.]20D 
-44.0 (c 1.10, CHCh); (Found C, 72.07; H, 7.09; N, 3.74. C23H27N04requires C, 
72.42; H, 7.13; N, 3.67%); vmru:(fiIm)/cm-1 3332, 2937, 2865,1716,1514,1454, 1243, 
1128,1045,1027,698; IiH(400 MHz; CDCh) 1.24-1:33(2 H, m, C5'ax and C6'ax), 
1.48-1.52 (2 H, m, C5' eq and C6' eq), 1.71-1.77 (4 H, m, C4' and CT), 2.83 (1 H, dd, J 
8.0 and 12.0 Hz, PhHCH, C3), 2.95 (1 H, dd, J 6.0 and 14.0 Hz, PhHCH, C3), 4.00 (2 
H, ddd, J 4.0, 8.0 and 12.0 Hz, C3'a and CTa), 4.24 (1 H, dd, J 8.0 and 12.0 Hz, C2), 
4.88 (1 H, br.s, Cl), 4.90 (1 H, d, J 12.0 Hz, NH), 4.94-5.04 (2 H, m, N-Cbz CH2Ph), 
7.19-7.32 (10 H, m, arom., 2 x Ph gp.); lie (100 MHz; CDCh) [20.9, 21.0 (2 x CH2, 
. C5' and C6')], [28.3, 28.4 (2 x CH2, C4' and CT)], 37.3 (CH2, C3), 53.7 (CH, C2), 
66.9 (CH2, N-CH2Ph), [74.7, 74.9 (2 x CH, C3'a andCTa)], 103.0 (CH, Cl), 126.8, 
127.4,128.0,128.4,128.8,128.9,129.7 (10 x CH, arom., 2 x Ph gp.), 137.1, 137.9 (2 
x C quat., arom., ipso 2 x Ph gp.), 156.5 (C quat., N-Cbz C=O); m/z 381 [M+H], exact 
mass calcd. for C23H2sN04 382.2020 found 382.2018. 
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(-)-Pbenylmethyl N-(lS)-2-pbenyl-l-[(lR,2R,4R,6S,8R)-2,9,9-trimetbyl-3,5-
.. dioxatricyclo[6.1.1.02,61dec-4-ylletbyl carbamate: 113 
N-Cbz-L-phenylahininal (86) (0.19 g, 0.83 mmol) and (IR,2R,3S,SR)-2,3-pinanediol 
(0.15 g, 0.88 mmol) were dissolved in dry DCM (20 ml), and cooled to 0 °C, followed 
by dropwise addition ofBF3.Et20 (0.06 ml, 0.41 mmol). This mixture was stirred for 
I h at 0 °C, before washing it once with aqueous saturated sodium bicarbonate 
solution (25 ml). The organic fraction was separated and washed once with water and 
then once with brine, dried over anhydrous sodium sulphate, filtered, and removed by 
rotary evaporation to afford (0.29 g, 83%) yield as white crystals, mp 98-100 °C 
(from diethy1 ether). [U]20D -43.9 (c 1.34, CHCh); (Found C, 73.59; H, 7.94; N, 2.79.· 
C27H33N04 requires C, 74.46; H, 7.64; N, 3.22%); vmax(film)/cm-I 3422, 3334, 2930, . 
1722,1513,1454,1250,1123,1034,698; I)H(400 MHz; CDCh) 0.82 (3 H, s, CI0'), 
1.26 (3 H, s, C9'), 1.31 (3 H, s, Cll '), 1.58-1.61 (2 H, m, C5'), [1.85-1.94 (2 H, m, 
CT ox and C6')], 2.02-2.05 (1 H, rn, C4'), 2.20-2.24 (1 H, m, CT eq), 2.83 (1 H, dd, J 
8.4 and 14.1 Hz, PhHCH, C3), 2.99 (1 H, dd, J 6.4 and 14.1 Hz, PhHCH, C3), 3.95 (I 
H, d, J7.6 Hz, CTa), 4.27 (1 H, dd, J 7.4 and 15.7 Hz, C2), 4.85 (I H, d, J 2.4 Hz, 
Cl), 4.94-5.00 (3 H, m, N-Cbz CH2Ph and NH), 7.18-7.34 (10 H, m, arom., 2 x Ph 
gp.); I)c(IOO MHz; CDCI3) 24.5 (CH3, ClI '),25.4 (CH2, C5'), 25.8 (CH3, CI0'), 27.5 
(CH3, C9'), 33.5 (CH2, C3), 37.4 (CH2, CT), 38.4 (C quat., C8'), 40.3 (CH, C6'), 
51.2 (CH, C4'), 53.2 (CH, C2), 67.0 (CH2, N-CH2Ph), 78.3 (CH, CTa), 84.1 (C quat., 
C3'a), 99.9 (CH, Cl), 126.8, 127.2, 127.4, 127.8, 128.0, 128.4, 128.5, 128.7, 128.8, 
129.7 (10 x CH, arom., 2 x Ph gp.), 137.1, 138.1 (2 x C quat., arom., ipso in 2 x Ph 
gp.), 156.6 (C quat., N-Cbz C=O); mlz 435 [11'], exact mass ca1cd. for C27H33N04 
435.2410 found 435.2409. 
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(-)-Phenylmethyl N-(1S)-2-phenyl-l-[(lS,2S,4S,6R,8S)-2,9,9-trimethyl-3,5-
dioxatricyclo[6~1.1.02,61dec-4-yllethyl carbamate: 114 
N-Cbz-L-phenylalaninal (86) (1.70 g, 6.00 trunol) and (IS,2S,3R,5S)-(+)-pinanediol 
(1.23 g, 7.27 mmol) were dissolved in dry DCM (50 ml), this was cooled to 0 DC, 
followed by dropwise addition of BF).Et20 (0.37 ml, 3.00 trunol). This mixture was 
stirred for 1 h at 0 .DC, before washing it once with aqueous saturated sodium 
bicarbonate solution (25 ml). The organic fraction was separated and washed once 
with water and then once with brine, dried over anhydrous sodium sulphate, filtered 
and removed by rotary evaporation to afford (2.10 g, 80%) yield as white crystals, mp . 
102-103 DC (from diethyl ether). [afoD -24.7 (c 1.07, CHCI3); (Found C, 74.49; H, 
7.61; N, 3.16. C27H))N04 requires C, 74.46; H, 7.64; N,3.22%); vmax(film)/cm-1 3334, 
2930,1723,1511, 1454, 1249, 1122, 1041, 751; oH(400 MHz; CDCI) 0.81 (3 H, s, 
CI0'), 1.28 (3 H, s, C9'), 1.32 (3 H, s, Cl1 '),1.60-1.67 (1 H, m, C5'ax), [1.81-1.83 (2 
H, m, C7' ox and C5' eq)] , 2.06-2.15 (3 H, m, C6', C4' and C7'eq), 2.85 (I H, dd, J 8.8 
and 14.0 Hz, PhHCH, C3), 2.93 (1 H, dd, J7.2 and 14.0 Hz, PhHCH, C3), 3.88 (1 H, 
d, J7.6 Hz, C7'a), 4.28 (1 H, dd, J7.6 and 18.5 Hz, C2), 4.79 (1 H, d, J 1.6 Hz, Cl), 
4.99~5.1l (3 H, m, N-Cbz CH2Ph and NH), 7.18-7.34 (10 H, m, arom., 2 x Ph gp.); 
oc(100 MHz; CDCh) 24.4 (CH), Cll '), 25.4 (CH2, C5'), 25.8 (CH), CI0'), 27.5 
(CH), C9'), 33.1 (CH2, C3), 37.4 (CH2, C7'), 38.5 (C quat., CS'), 40.3 (CH, C6'), 
51.2 (CH, C4'), 53.1 (CH, C2), 66.9 (CH2, N-CH2Ph), 77.4 (CH, C7'a), 84.0 (C quat., 
C3'a), 99.5 (CH, Cl), 126.8, 128.3, 128.8, 129.7 (10 x CH, arom., 2 x Ph gp.), 137.2, 
13S.0 (2 x C quat., arom., ipso in 2 x Ph gp.), 156.6 (C quat., N-Cbz C=O); mlz 435 
[M +Hj, exact mass calcd. for C27H)4N04 436.2488 found 436.2481. 
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(-)-2-[ (15)-1-(1 ,3-Dioxolane-2-yl)-2-phenylethyl)-3,4-dihydroisoquinolinium 
tetraphenylborate: 115 
Prepared according to the general procedure in (0.59 g, 16%) yield as yellow crystals, 
mp 163-164 °C (from ethanol). [aj20D -61.7 (c 1.07, CH3CN); (Found C, 83.08; H, 
6.72; N, 2.27. C44H42BN02 requires C, 84.20; H, 6.74; N, 2.23%; :. 
C4~42BN02'y,H20); vmax(film)!cm'\ 3054, 2999, 2931, 1640, 1604, 1573, 1146, 
1032, 735;IiH(400 MHz; CDCh) 2.88-3.00 (2 H, m, ArCH2, isoq-4), 3.34 (1 H, dd, J 
10.0 and 14.8 Hz, PhHCH, C3), 3.37 (1 H, dd, J6.0 and 14.8 Hz, PhHCH, C3), [3.78-
3.94(6 H, m, CH2N, isoq-3, and OCH2CH20)], 4.49 (1 H, ddd, J2.8, 6.4 and 9.6 Hz, 
C2), 5.11 (1 H, d, J2.8 Hz, Cl), 6.83 (4 H, t, J7.2 Hz, arom.,para in BP~ gp.), 6.98 
. (8 H, t, J7.2 Hz, arorn., ortho in.BP~ gp.), [7.24-7.46 (14 H, rn, arorn., meta in BP~ 
gp, Ph gp. and isoq-5)], 7.44 (1 H, d, J 7.6 Hz, arorn., isoq-7), 7.68-7.73 (2 H, rn, 
arom., isoq-6 & 8), 8.67 (1 H, s, HC=N, isoqcl); 1ic(100 MHz; CDCh) 24.4 (CH2, 
C3), 33.2 (CH2, isoq-4), 49.5 (CH2, CH2N, isoq-3), 65.1 (CH2, OCH2CH20), 65.4 
(CH2, OCH2CH20), 71.8 (CH,C2), 100.9 (CH, Cl), 121.5 (CH, arorn., Ph gp.), 123.9 
(C quat., arorn., isoq-4a), 126.26 (2 x CH, arom., Ph gp.), 126.29 (CH, arorn., isoq-5), 
128.1 (2 x CH, arorn., Ph gp.), 128.3 (CH, arom., .isoq-7), 128.7 (CH, arom., isoq-6), 
128.8 (4 x CH,arom., para in BP~ gp.), 134.0 (8 x CH, arom., ortho in BP~ gp.), 
134.7 (C quat., arom., isoq-8a), 135.47 (8 x CH, arom., meta in BP~ gp.), 137.2 (C 
quat., arom., ipso in Ph gp.), 138.7 (CH, arom., isoq-8), 163.5 (4 x C quat., q, J196.4 
Hz, arom., C-B ipso in BP~ gp.), 167.6 (CH, HC=N, isoq-l); mlz 308 [M+], exact 
mass calcd. for cation C2oH22N02 308.1659 found 308.1659. 
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(-)-2-(1S)-1-[(3aR,7aS)perhydro-l,3-benzodioxol-2-yl]-2-phenylethyl-3,4-
dihydroisoquinolinium tetraphenylborate: 116 
-
Prepared according to the general procedure in (0.82 g, 73%) yield as a white 
crystalline product, mp 159-160 °C (from ethanol). [a)2oD --4904 (c 1.11, CH)CN); 
(Found C, 8Z.69;H, 6.72; N, 1.99. C48~8BN02 requires C, 79.52; H, 7.79; N, 3.86% 
. -1 .' 
:. found C48~8BN02.IH20); vmax(film)/cm 3442, 3055, 1643, 1604, 1573, 1426, 
1139,1031,705; oH(400 MHz; CD)CN) 1.29-1.37 (4 H, m, C5' and C6'), 1.45-1.49 
(1 H, m, C4'ax) 1.56-1.61 (1 H, m, CTax), 1.76-1.82 (2 H, m, C4'elJ and CTelJ), 2.92-
3.08 (2 H, m, ArCH2, isoq-4), 3.28 (1 H, dd, J lOA and 14.8 Hz, PhHCH, C3), 3045 (1 
H, dd, J 6.0 and 14.8 Hz, PhHCH, C3), 3.84 (1 H, dt, J7.6 and 15.2 Hz, C3'a) 4.01 (1 
H, dt, J 8.0 and 15.2 Hz, CTa), 4.12-4.18 (2 H, m, CH2N, isoq-3), 4.54 (lH, ddd, J 
3.2,6.0 and lOA Hz, C2), 5.18 (1 H, d, J3.2 Hz, Cl), 6.85 (4 H, t, J7.2 Hz, arom., 
para in BP~ gp.), 7.00 (8 H, t, J7.6 Hz, arom., ortho in BP~ gp.), 7.28-7.33 (13 H, 
m, arom., Ph gp., meta in BP~gp.), 7.39 (1 H, d, J 8.0 Hz, arom., isoq-5), 7.52 (1 H, 
t, J8.0 Hz, arom., isoq-7), 7.76-7.80 (2 H, m, arom., isoq-6 & 8), 8.84 (1 H, s, HC=N, 
isoq-l); oc(100 MHz; CD)CN) [20.9,21.0 (2 x CH2, C5' and C6'»), 25.6 (CH2, C3), 
[28.6,28.7 (2 x CH2, C4' and CT»), 35.1 (CH2, isoq-4), 51.8 (CH2, CH2N, isoq-3), 
7304 (CH, C2), 75.9 (2 x CH, C3'a and CTa), 101.6 (CH, Cl), 122.8 (8 x CH, arom., 
.. 
ortho in BP~ gp.),125.1 (C quat., arom., isoq-4a), 126.5, 126.6, 126.7 (5 x CH, 
arom., Ph gp.), 128.6 (CH, arom., isoq-5), 129.7 (CH, arom., isoq-7), 132.1 (CH, 
arom., isoq-6), 130.5 2 (4 x CH, arom.,para in BPh4 gp.), 135.2 (CH, arom., isoq-8), 
136.0 (C quat., arom., ipso in Ph gp.), 136.8 (8 x CH, arom., meta in BP~ gp.), 138.2 
(C quat., arom., isoq-8a), 164.9 (4 x C quat., q, J 196.0 Hz, arom., CoB ipso in BP~ 
+ . 
gp.), 168.9 (CH, HC=N, isoq-l); mlz 362 [M), exact mass calcd. for cation 
. C24H28N02362.2120 found 362.2120 .. 
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(-)-2-(18)-1-(1R;2R,4R,6S,8R)-2,9,9-Trimethyl-3,5-dioxfltricyclo-( 6.1.1.02•6] dec-
4-yl]ethyl-3,4-dihydroisoquinolinium tetraphenylborate: 117 
Prepared according to the general procedure in (1.34 g, 62%) yield as a white 
crystalline product, mp174-176 °C (from ethanol). [a)2oD -59.6 (c 1.06, CH3CN); 
(Found C, 83.23; H, 7.21; N, 1.87. CS2Hs4BN02 requires C, 84.88; H, 7.40; N, 
1.90%); v';ox(film)/cm'!3423, 3055,1642,1604,1573,1426,1143,1031,705; IiH(400 
MHz;CD3CN) 0.81(3 H, s, Cll'), 1.01 (lH, d, J10.0Bz, C5'ox), 1.11 (1 H, dt,J2.0 
· and 7.2 Hz, C5' eq), 1.19 (3 H, s, C9'), 1.36 (3 H, s, Cll '), [1.73-1.92 (2 H, m, C6' and 
CT ax») , 2.02 (1 H, t, J 5.2 Hz, C4'), 2.24 (1 H, tdd, J 2.4, 8.0 and 14.4 Hz, CT eq), 
2.87 (1 H, dd, J7.6 and 17.2 ArHCH, isoq-4), 2.95 (1 H, dd, J 8.0 and 17.2, ArHCH, 
isoq-4), 3.28 (1 H, dd, J 10.4 and 14.8 Hz, PhHCH, C3), 3.43 (1, H, ddd,13.2, 6.0 and 
· 14.8 Hz, PhHCH, C3), 3.79 (1 H, dt, J 8.4 and 15.6 Hz HCHN, isoq-3), 3.92 (1 H, 
ddt, J 1.2, 8.4 and 14.0 Hz, HCHN, isoq-3), 4.10 (1 H, d, J 8.0 Hz, CTa), 4.53 (1 H, 
ddd, J2.8, 6.0 and 10.0 Hz, C2), 5.15 (1 H, d, J2.8 Hz, Cl), 6.83 (4 H, dt, J 1.2 and 
6.8 Hz, arom., para in BP~ gp.), 6.98 (8 H, t, J 7.2 Hz, arom., ortho in: BPh4gp.), 
7.28-7.33 (14 H, m, arom., Ph gp., meta in BPh4 gp. and isoq-5), 7.56 (1 H, t, J 7.6 
Hz, arom., isoq-7), 7.71-7.75 (2 H, m, arom., isoq-6& 8),8.85 (1 H, s, HC=N, isoq-
· 1); Iic(100 MHz; CD3CN) 24.2 (CH3, C11 '),25.5 (CH2, C5'), 25.7 (CH3, C10'), 25.9 
(CH2, isoq-4), 27.2 (CH3, C9'), 33.4 (CH2, C3'), 35.2 (CH2, CT), 38.9 (C quat., C8'), 
40.6 (CH, C6'), 51.3 (CH, C4'), 52.2 (CH2, CH2N, isoq-3), 72.3(CH, C2), 78.1 (CH, 
CTa), 85.7 (Cquat., C3'a), 102.4 (CH, Cl), 122.8 (8 x CH, arom., ortho in BP~ gp.), 
125.2 (C quat., arom., ipso in Ph gp.), 125.5 (CH, arom., isoq-5), 126.6, 126.7, 126.9 
(5 x CH,arom., Phgp.), 128.6 (CH, arom., isoq-7), 129.6(CH, arom., isoq-6), 129.7 
(CH, arom., isoq-8), 135.9 (C quat., arom., isoq-4a), 136.8 (8 x CH, arom., meta in 
BP~ gp.), 138.1 (C quat., arom., isoq-8a), 140.1 (4 x CH, arom., para in BP~ gp.), 
165.1 (4 x C quat., q, J 196.0 Hz, arom., C-B ipso in BP~ gp.), 169.1 (CH, HC=N, 
isoq-1); mlz 416 [M+), exact mass' calcd. for cation C2sH34N02 416.2590 found 
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416.2595. 
(-)-2-(lS)-1-[ (lS,2S,4S,6R,8S)-2,9,9-trimetbyl-3,5-dioxatricyclo [6.1.1.02,6)-dec-4-
yl)etbyl-3,4-dihydroisoquinolinium tetraphenylborate: 118 
.0;0 
n''''1 o 
-
Prepared according to· the general procedure in (1.06 g, 38%) yield as white 
. crystalline product, mp 160-161 °C (from ethanol). [afoD -60.4 (c 1.12, CH3CN); 
(Found C, 83.16; H, 7.21; N, 1.89. C5#54BN02 requires C, 84.88; H, 7.40; N, 
1.90%); vmaifilrn)/crn'!3424, 3054, 1642, 1604, 1573, 1426, 1142, 1031,705; oH(400 
MHz; CD3CN) 0.81 (3 H, s,Cll'), 1.02 (1 H, d, J 10.0 Hz, C5'ox), 1.11 (1 H, dd, J 
6.0 and 7.2 Hz, C5'eq), 1.21 (3 H, s, C9'), 1.39 (3 H, s, Cl1 '), 1.73-1.83 (2 H, rn, C6' 
and CT ox), 2.07 (1 H, t, J 4.8 Hz, C4'), 2.20 (1 H, J2.4, 8.0 and 14.4 Hz, CT eq), 2.90-
3.06 (2 H, m, ArCH2, isoq-4), 3.26 (1 H, dd, J 9.6 and 14.4 Hz, PhHCH, C3), 3.40 (1 
H, dd, J 6.8 and 14.4 Hz, PhHCH, C3), 3.83 (1 H, dt, J 8.4 and 14.8 Hz HCHN, isoq-
3), 3.97-4.06 (2 H, rn, HCHN, isoq-3 and CTa), 4.58 (1 H, ddd, J 2.0, 6.8 and 11.6 
Hz, C2), 5.09 (1 H, d,J2.4Hz, Cl), 6.83 (4H, t,J7.2 Hz, arorn., para inBP~ gp.), 
6.98 (8 H, t, J 7.2 Hz, arorn., ortho in BP~ gp.), 7.26-7.37 (14 H, rn, arorn., Ph gp., 
meta in BP~ gp. & isoq-5), 7.48 (1 H,t, J7.2 Hz, arorn., isoq-7), 7.31-7.78 (2 H, rn, 
isoq-6 & B), 8.81 (1 H, s, HC=N, isoq-l); oc(100 MHz; CD3CN) 24.2 (CH3, Cll '), 
25.6 (CH2, CS'), 25.8 (CH3, CI0'), 26.0 (CH2, isoq-4), 27.3 (CH3, C9'), 33.2 (CH2, . 
C3'), 35.4 (CH2,C7'), 38.9 (C quat., C8'), 40.6 (CH, C6'), 51.3 (CH, C4'), 52.6 
(CH2, CH2N,isoq-3), 72.0 (CH, C2), 78.3 (CH, C7'a), 85.4 (C quat., C3'a), 98.4 (CH, . 
. Cl), 122.8 (8 x CH, arorn., ortho in BP~ gp.), 125.3 (C quat., arorn., ipso in Ph gp.), 
126.6, 126.7, 126.9 (5 x CH, arorn., Ph gp.), 128.6 (CH, arorn., isoq-5), 129.6 (CH, 
arorn., isoq-7), 130.1 (CH, arorn., isoq-6), 135.3 (CH, arorn., isoq-8), 136.0 (C quat., 
arorn., isoq-4a), 136.8 (8 x CH, arorn., meta in BP~ gp.), 138.2 (C quat., arorn., isoq-
Ba), 140.1 (4 x CH, arorn., para in BP~ gp.), 164.9 (4 x C quat., q, J 196.0 Hz, arorn., 
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COB ipso in BPi4 gp.), 169.0 (CH, HC=N, isoq-l); mlz 416 [~l, exact mass caJcd. 
for cation C2sH34N02 416.2590 found 416.2594. 
(+ )-(2S)-2-Phenyl-2( {[phenylmethyl)oxy] carbonyl) amino )ethanoic acid: 124 
Prepared according to the general procedure to afford N-Cbz-L-phenylglycine (124) in 
. (7.87 g, 73%) yield as a white solid, mp 135-136 °C (from ethyl acetate and light 
petroleum), (lit. mp 133~134 oC);96 (Found C, 67.22; H, 5.14; N, 4.85. CI6HIsN04 
requires C, 67.36; H, 5.30; N,4.91 %); vmax(nujol)/cm'l 3401, 2923, 2854, 1744, 1735, 
1667, 1534, 1455, 1377, 1247, 1173, 1054,741; liH(250 MHz; CDCb + DMSO-d6) 
5.03 (1 H, d, J 19.6 Hz, N-Cbz PhHCH), 5.10 (1 H, d, J 19.9Hz, N-Cbz PhHCH), 
5.32 (1 H, d, J 11.4 Hz, NH), 6.27 (1 H, d, J 1 1.1 Hz, C2), 7.28-7.42 (10 H, m, arom., 
2 x Ph gp), 8.33 (1 H, br. s, C02H, Cl); liH(100 MHz; CDCb) 58.8 (CH, C2), 67.1 
. (CH2, C3), 127.6, 127.8, 128.4, 128.5, 128.6, 128.8, 129.0 (10 x CH, arom., 2 x Ph 
gp.), 136.7, 137.8 (2 x C quat., arom., ipso in 2 x Ph gp.), 155.8 (C quat., N-Cbz 
C=O), 172.9 (C quat., Cl); mlz 285 [~l, exact mass caJcd. for CI6H1sN04 285.1001 
found 285.1 000. 
(+)-Phenylmethyl N-{(lS)-2~[methyl(methyloxy)amino]-2-oxo~1-(phenylethyl)­
carbamate: 125 
Prepared according to the general procedure and purified by column chromatography 
to afford N-Cbz-L-phenylglycinamide (125) in (8.00 g, 98%) yield as vicious yellow 
. oil. [afoD +129.8 (c 1.06, CHCb); (Found C, 63.35; H, 5.85; N, 7.86. C1sH2oN204 
requires C, 65.84; H, 6.14; N, 8.53%); vmax(neat)/cm·1 3318, 3032, 2939,1719,1654, 
1522, 1508, 1498, 1458, 1388, 1234, 1045,990,698; liH(400 MHz; CDCb) 3.16 (3 H, 
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s, NCH), 3.42 (3 H, s, OCH), 5.03 (I H, d, J 12.4 Hz, N-Cbz HCHPh), 5.09 (1 H, d, 
J 12.4 Hz, N-Cbz HCHPh), 5.75 (1 H, d, J 7.2 Hz, NH), 6.16 (1 H, d, J 7.6 Hz, C2), 
.. 7.24-7.40 (10 H,m, arom., 2 x Ph gp.); Iic(100 MHz; CDCh) 32.7 (CH), NCH), 55.9 
(CH), OCH), 61.5 (CH, C2), 67.3 (CH2, N-Cbz CH2Ph), 127.3, 127.9, 128.2, 128.4, 
128.5, 128.6, 128.7, 128.9, 129.2 (10 x CH, arom., 2 x Ph gp.), 136.7 (C quat.), 138.1 
(C quat.), 155.9 (C quat., N-Cbz C=O), 171.3 (C quat., Cl); mlz 328 [Wj, exact mass 
calcd. for C1sH20N204 328.1423 found 328.1425.97 
(+)-Phenylmethyl N-[(1S)-2-oxo-1-phenylethyl)carbamate: 126 
I 
I ~. ~Jlo~ - r(Y'L~Jlo~ OXQ'""N 0 . H,~O o V V N-<:bzC>O V 
Prepared according to the general procedure to afford N-Cbz-L-phenylglycinal in 
(1.70 g, 85%) yield as colourless oil. [aj20D +7.1 (c 1.01, CHCh); (Found C, 68.11; H, 
5.74; N, 5.69: CI6HlSN03 requires C, 71.36; H, 5.61; N, 5.20%); vmax(neat)/cm-1 3334, 
3067,3033,2921,2862,1725,1682,1516,1455,1346,1251, 1218, 1148, 1059,752; 
. 
IiH(300 MHz; CDCI3) 5.05 (1 H, d, J 12.0 Hz, N-Cbz HCHPh), 5.13 (1 H, d, J 12.0 
Hz, N-Cbz HCHPh), 5.38 (1 H, d, J 6.0 Hz, NH), 6.04 (1 H, br. s, C2), 7.25-7.44 (10 
H, rn, arom., 2 x Ph gp.), 9.54 (1 H, s, CHO, Cl); Iic(75 MHz; CDCh) 65.1 (CH2, N-
Cbz CH2Ph~, 67.2 (CH, C2), 127.0, 127.6, 127.9, 128.1, 128.3, 128.4, 128.7, 128.8, 
128.9, 129.4 (10 x CH, arom., 2 x Ph gp.), 133.3, 136.1 (2 x C quat., arom., ipso 2 x 
Ph gp.), 155.6 (C quat., N-Cbz C=O), 194.5 (CH, CHO, Cl); mlz' 269 [M+j, exact 
mass ca1cd. for CI~HI5NO) 269.1052 found 269.1054. 
Phenylmethyl N-{(S)-1-[(4R,6R)-4,6-dirnethyl-1,3-dioxane-2-yl)-2-phenylmethyl}-
carbamate: 127 
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N-Cbz-L-phenylglycinal (126) (1.44 g, 5.35 mmol) and (-)-(2R,4R) pentanediol (0.67 
g, 6.43 mmol) were dissolved in dry DCM (45. ml) with a. catalytic amount of 
BF3.Et20. This mixture was ·stirred at room temperature overnight, before washing it . 
once with saturated sodium bicarbonate solution (20 ml). The organic fraction was 
dried over anhydrous sodium sulphate, filtered and removed by rotary evaporation, to 
afford (127) (1.35 g, 71 %) yield as yellow oil. liH(250 MHz; CDCI3) 1.18 (3 H, br. s, 
CH3, Cl'), 1.21 (3 H, br. s, CH3, CS'), 1.78 (2 H, ddd, J 6.0,13.2 and. 19.2 Hz, C3'), 
3.96 (1 H, ddt, J 2.6, 6.0 and 12.0 Hz, CHeq, C4'), 4.25 (IH, dt, J 6.2 and 6.7 Hz, 
CHax> C2'), 4.78 (1 H, d, J 6.9 Hz, NH), [5.03-5.08 (3 H, m, N-Cbz CH2Ph and C2)], 
5.78 (1 H, d, J 6.7 Hi, Cl), 7.24-7.37 (10 H, m, arom., 2 x Ph gp.). 
(S)-[(4R,6R)-4,6-Dimethyl-1,3-dioxan-2-yl](phenyl)methanamine: 128 
Compound (127) (1.30 g, 3.66 mmol) was dissolved in ethanol (35 ml) with a 
catalytic amount of Palladium on charcoal (10%) and left to stir at room temperature 
for 2 h under an atmosphere of hydrogen. The mixture was then filtered through a pad 
of Celite® and washed with ethanol (15 ml). The· ethanolic fractions were dried on 
anhydrous sodium sulphate, filtered and removed by rotary evaporation to afford 
amine. (128) (0.70 g, 87%) yield as yellow oil. liH(400 MHz; CDCh, 55°C) 1.33 (3 H; 
d, J 6.4 Hz, CH3, Cl '), 1.29 (3 H, dd, J 1.6 and 2.8 Hz, CH3, C5'), 1.72 (2 H, br. s, 
NH2), 1.80 (2 H, ddd, J2.0; 6.0 and 11.2 Hz, C3'), [3.88-3.93 (2 H, m, CHeq, C4' and 
C2), 4.32-4.28 (1 H, dt, J 2.0 and 7.2 CHax, C2'), 4.88 (1 H, d, J 4.4 Hz, Cl), 7.23-
7.40 (5 H, m, arom., Ph gp.); lic(IOO MHz; CDCb, 50°C) 17.5 (CH3, Cl '), 22.0 
(CH3, C5'), 37.4 (CH2, C3'), 59.4 (CH, C2), 67.8 (CH, C2'), 68.3 (CH, C4'), 96.7 
(CH, Cl), 127.2, 127.3, 127.8, 128.5, 128.8 (5 x CH, arom., Ph gp.), 142.2 (C quat., 
ipso in Ph gp.); mlz 221 [M-H], exact mass ca1cd. for C13H1SN02 220.1332 found 
220.1331. 
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(+)-2-{ (S)-I-[( 4R,6R)-4,6-dimethyl-l ,3-dioxan-2-ylj-l-phenylmethyl-3,4-dihydro- . 
. isoquinolinium tetraphenylborate: 129 
-
Prepared according to the general procedure in (0.37 g, 18%) yield as yellow. 
crystalline solid, mp 78-80 °C (from ethanol). [a]20n +43.9 (c 1.02, CH3CN); (Found 
C, 81.52; H, 6.93; N, 1.95. C46~6BN02 requires C, 84.26; H, 7.07; N, 2.14% :. 
C46H46BN02.1H20); vmo.x(film)/cm·1 3422,3054,2249, 1638,1575, 1478, 1424, 1131; 
oH(400 MHz; CD3CN) 1.15 (3 H, d, J 6.4 Hz, CH3, Cl '), 1.44 (3 H, dd, J 2.0 and 3.2 
. ~ 
Hz, CH3, CS'), 1.76 (2 H, ddd, J 6.2, 11.7 and 13.5 Hz, C3'), 2.99-3.20 (2 H, m, 
ArCH2, isoq-4)~ 3.67-3.78 (1 H, m, C2), 3.95-4.06 (1 H, m, CHeq, C4'), 4.14-4.24 (2 
H, m, CH2N, isoq-3), 4.37 (1 H, dt, J 4.0 and 8.0 CHQX, C2'), 5.32 (1 H, d, J 4.0 Hz, 
Cl), 6.83 (4 H, t, J 7.2 Hz, arom., para in BP~ gp.), 6.98 (8 H, t, J 7.6 Hz, arom., 
ortho in BP14 gp.), 7.13-7.22 (5 H, m, arom., Ph gp.), 7.23-7.31 (8 H, m, arom., meta 
in BP14 gp), 7.50 (1 H, d, J7.5 Hz, arom., isoq-5), 7.63 (1 H, t, J7.3 Hz, arom., isoq-
7),7.79 (1 H, t, J7.6 Hz, arom., isoq·6), 7.81 (1 H, d, J8.0 Hz, arom., isoq-8), 8.92 (1 
H, s, HC=N, isoq-l); oc(100 MHz; CD3CN) 15.7 (CH3, Cl '),20.6 (CH3, C5'), 24.7 
(CH2, isoq-4), 35.7 (CH2, C3'), 48.6 (CH2, CH2N, isoq-3), 67.8 (CH, C2'), 69.1 (CH, 
C4'), 74.3 (CH, C2), 90.7 (CH, Cl), 121.5 (8 x CH, arom., ortho in BP14 gp.), 124.4 
(C quat., arom., isoq-4a), 125.2 (4 x CH, arom., para in BP14 gp.), 125.2, 125.3, 
125.4 (5 x CH, arom., Ph gp.), 128.1 (CH, arom., isoq-5), 128.9 (CH, arom.,Jsoq-7), 
129.3 (CH, arom., isoq-6), 129.7 (CH, arom., isoq-8), 130.3 (C quat., arom., isoq-8a), 
135.4 (8 x CH, arom., meta in BP14 gp.), 137.5 (C quat., arom., ipso in Ph gp.), 163.5 
(4 x Cqllat.: q, j 196.0 HZ,arom., C-Bipso in BP14 gp.), 167.8 (CH, HC=N, isoq-l); 
mlz 336 [M+], exact mass calcd. for cation C22H2~02 336.1964 found 336.1964. 
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(+)-(2S,3R)-3-Hydroxy-2-({[(pbenylmetbyl)oxy]carbonyl}amino)butanoic acid: 
131 
Prepared according to the general procedure to afford N-Cbz-L-threonine (131), in . 
(3.82 g, 70%) yield asa white solid, mp 96-98 °C (from ethyl acetate and light 
petroleum), (lit. mp 98.5 °C);9S [a]2oD +1.9 (c 1.08, acetone), (lit. [afoD +1.9 (c 1.00, 
acetone)SO,S4); vmox(film)/cm-1 3404, 2285, 1713, 1660, 1538, 1243,' 1068; IlH(250 . 
MHz; CHCh) 1.19 (3 H, d, J 6,4 Hz, CH3, C4), 4.30-4.37 (2 H, m, C2 & C3), 5.09 (2 
H, br. s, N-Cbz CH2Ph), 6.00 (l H, d, J 8:8 Hz, NH), 6.39 (2 H, br. s, 2 x OH), 7.30-
7.34 (5 H, m, arom., Ph gp.). 
Pbenylmethyl N-«IR,2S)-2-hydroxy-l-{[(methyloxy)amino]carhonyl}-propyl)-
carbamate: 132 
Prepared according to the general procedure for the preparation of Weinreb amides 
with the exception of the use of O-methylhydroxylamine hydrochloride to replace 
N,O-dimethylhydroxylamine hydrochloride. This afforded (3.06 g, 90%) yield as 
white powder, mp 130-132 cC; (Found C, 55.32; H, 6.41; N, 9.94. C13HlsN20s 
requires C, 55.31; H, 6,43; N, 9.92%);vmax(film)/cm-1 3368,3372, 1689, 1655, 1523, 
1456,1259,1229,1083; IlH(400 MHz; C3D60) 1.07 (3 H, d, J6.0 Hz, CH3, C4), 3.59 
(3 H, br. s, OCH3), 3.96 (1 H, m, CH, C2), 4.08 (1 H, dd, J6.0 and 10,4 Hz, CH,C3), 
4.98 (1 H, d, J 12.8 Hz, N-Cbz HCHPh), 5.03 (1 H, d, J 12.8 Hz, N-Cbz HCHPh), 
6.27 (1 H, br. s, NH), 7.24-7.29 (5 H, m, arom., Ph gp.); Ilc(100 MHz; C3D60) 26.6 
(CH3, C4), 66.2 (CH3, OCH3), 70.8 (CH, C2), 73.9 (CH2, N-Cbz CH2Ph), 74.6 (CH, 
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C3), 135.4, 135.5, 136.0 (5 x CH, arom., Ph gp.), 144.8 (C quat., arom., ipso Ph gp.), 
164.1 (C quat., N-Cbz C=O), 175.4 (C quat., Cl); m/z 282 [M+], exact mass calcd. for 
CI3HIsN20s 282.1216 found 282.1217. 
Phenylmethyl N-(IR,2S)-[ (ethylamino )carbonyl)-2-propylcarbamate: 133 
. Prepared according to the general procedure for the preparation of Weinreb arnides 
with the exception of the use of ethylarnine hydrochloride in place of N,O-
dimethylhydroxylamine hydrochloride. This afforded (1.80 g, 81%) yield as a white 
powder, mp 137-138 QC; (Found C, 58.40; H, 6.81; N, 8.92. CI4H2oN204 requires C, 
59.99; H, 7.19; N, 9.99%); vmax(film)/cm'! 3304, 2983, 1702, 1558, 1456, 1412, 1350, 
1261, 1132, 1074, 766; IiH(400 MHz; CDCh) 1.07-1.12 (3 H, m, CH2CHJ, Et gp.), 
1.16 (3 H, d, J 6.4 Hz, CH3, C4), 3.28 (2 H, dq, J 6.8 and 7.2 Hz, CH2CH3, Et gp.), 
4.06 (1 H, d, J 6.8 Hz, CH, C2), 4.34 (1 H, ddd, J 2.4, 4.0 and 6.4 Hz, CH, C3), 5.09-
5.12 (2 H, m, N-Cbz CH2Ph), 5.89 (1 H, d, J 8.0 Hz, NH-Cbz), 6.60 (1 H, br. s, 
NHCH2CH3), 7.21-7.37 (5 H, m, arom., Ph gp.); 1ic(100 MHz; CDCh) 15.0 (CH3, 
CH2CH3, Et gp.), 18.7 (CH3, C4), 34.8 (CH2, CH2CH3, Et gp.), 58.9 (CH, C2), 67.1 
(CH, C3), 67.9 (CH2, N-Cbz CH2Ph), 128.4, 128.7, 128.8, 129.0 (5 x CH, arom., Ph 
gp.), 136.5 (C quat., arom., ipso Phgp.), 157.5 (C quat., N-Cbz C=O), 171.3 (C quat., 
Cl);,wz 280 [~], exact mass ca1cd. for C!4H2oN204 280.1428 found 280.1423. 
Phenylmethyl N-[(5S,6R)-2,2,6-trimethyl-3-(methyloxy)-4-oxo-l,3-oxazinan-5" 
yl)carbamate: 134 
.Compound (132) (2.22 g, 7.94 mmol), was dissolved in a mixture of acetonel2,2-
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dimethoxy propane (1 :1, 100 ml), a catalytic amount ofBF3.Et20 (0.1-0.5 eq, until the 
reaction mixture remains a light yellow colour). The mixture was stirred at room 
temperature for 2 h, before adding an aqueous saturated solution of sodium 
bicarbonate (50 ml). The organic fraction was' purified by flash column 
chromatography using 30% ethyl acetate: light petroleum. Solvent removal by rotary 
evaporation afforded (134) (2.08 g, 82%) yield as yellow oil. (Found C, 58.31; H, 
6.93; N, 8.17. Cl6H22N20S requires C, 59.62; H, 6.88; N, 8.69%); oH(400 MHz; 
CDCh) 1.34 (3 H, d, J 6.0 Hz, C4), 1.61 (6 H, s, CH3CCH3), 3.61 (3 H, br. s, OCH3), 
3.84-3.60 (1 H, m, C3), 4.26-4.33 (1 H, m, C2), 5.10 (2 H, s, N-Cbz CH2Ph), 5.34 (1 
H, d, J 6.8 Hz, NH), 7.25-7.34 (5 H, m, arom.,Ph gp.); oc(100 MHz; CDCh, 50 DC) 
19.0 (CH3, C4), 25.2 (CH3, CH3CCH3), 275 (CH3, CH3CCH3), 63.9 (CH, C3), 64.3 
(CH3, OCH3), 67.7 (CH2, N-Cbz GhPh), 74.6 (CH, C2), 95.8 (C quat., CH3CCH3), 
128.2, 128.4, 128.5, 128.7, 128.8 (5 x CH, arom., Ph gp.), 136.6 (C quat., arom., ipsa 
in Ph gp.), 156.7 (C quat., N-Cbz C=O), 164.6 (C quat., Cl); mlz 322 [M-H], exact 
mass calcd. for Cl6H21N20S 321.1529 found 321.1457. 
(-)-2-[(5S,6R)-2,2,6-trimethyl-3-(methyloxy)-4-oxo-l,3-oxazinan-5-yl)-1,4-
dihydroisoquinolinium tetraphenylborate: 136 
Prepared according to the general procedure in (0.40 g, 15%) yield as yellow crystals, 
mp 171-172 DC (from ethanol). [afoD -22.3 (c 1.06,CH3CN);,(Found C, 77.67; H, 
6.76; N, 4.52 .. C41~3BN203 requires C, 79.09; H, 6.96; N, 4.50%; :. 
C41H43BN203.lt,H20); vmaxCfilm)/cm·1 3055, 2998, 1684, 1634, 1604, 1571, 1479, 
.1388, 1090, 735; oH(400 MHz; CDCh) 1.27 (3 H, d, J 6.5 Hz, C4), 1.64 (6 H, s, 
CH3CCH3), 3.11-3.29 (2 H, m, ArCH2, isaq-4), 3.85 (3 H, s, OCH3), 3.86-3.93 (1 H, 
m, C3), 4.30 (1 H, dt, J7.2 and 14.8 Hz, HCHN, isaq-3), 4.64 (1 H, d, J3.6 Hz, C2), 
4.68-4.74 (1 H, dq, J 3.7 and 6.5 Hz, HCHN, isaq-3), 6.83 (4 H, t, J 7.2 Hz, arom., 
para in BP~ gp.), 6.99 (8 H, t, J7.6 Hz, arom., artha in BP~ gp.), 7.26-7.30 (8 H, m, 
arom., meta in BP~ gp), 7.43 (1 H, d, J7.6 Hz, arom., isaq-5), 7.51 (1 H, tt, J 0.5 and 
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· 7.7 Hz, arom., isoq-7), 7.78 (1 H, d, J 6.7 Hz, arom., isoq-6) 7.81 (1 H, dt, J 1.3 and 
· 7.6 Hz, arom., isoq-8), 8.79 (1 H, s, HC=N, isoq-l); 8c(100 MHz; CDCh) 16.4 (CH3, 
C4), 33.2 (CH3, CH3CCH3), 25.6 (CH2, isoq-4), 27.3 (CH3, CH3CCH3), 49.2 (CH2, 
CH2N, isoq-3), 64.7 (CH3, OCH3), 66.9 (CH, C3), 75.0 (CH, C2), 94.9 (C quat., . 
CH3CCH3), 122.8 (4 x CH, arom., para in BPi4 gp.), 125.3 (C quat., arom., isoq-8a), 
126.6 (8 x CH, arom., ortho in BPi4 gp.), 129.5 (CH, arom., isoq-5), 129.7 (CH, 
arom., isoq-7), 136.1 (CH, arom., isoq-6), 136.8 (8 x CH, arom;, meta in BPi4 gp.), 
138.8 (C quat., arom., isoq-4a), 140.7 (CH, arom., isoq-8), 157.6 (C quat., Cl), 164.8 
(4 x C quat., q, J 196.0 Hz, arom., CoB ipso in BPi4 gp.), 171.5 (CH, HC=N, isoq-l); 
mlz 303 [M+j, exact mass calcd. for cation C17H23N203 303.1709 found 303.1711. 
(-)-(2S)-3-Phenyl-2-( {[9phenylmethyl)oxy I carbonyl} amino )propyl 4-methyl-
benzene-I-sulphonate: 138 
-
N-Cbz-L-phenylalaninol (88) (1.00 g, 3.50 mmol) was dissolved in freshly distilled 
dry THF (35 ml). Tosyl chloride (0.73 g, 3.85 mmol) was added followed by 
triethylamine (1.47 ml, 0.11 mol). The reaction mixture was stirred at room 
temperature for 28 h. Removal of the solvent by rotary evaporation resulted in an 
orange oil which was purified by column chromatography using DCMlPetroleum 
ether (20% solution) to afford a white solid in (0.81 g, 53%) yield as white crystals, 
mp 97-99 °C (from CH2Ch), (lit. mp 96-97 oC).99 [aj20D -15.5 (c 1.06, CHCI3); 
· (Found C, 65.00; H, 5.68; N, 3.15; C24H2sNOsS requires C; 65.59; H, 5.73; N, 
3.19%); vmalneat)/cm-1 3399, 2361, 1701,1654, i5i7, 1455, 1361, 1176,979,745; 
8H(400 MHz; CD Ch) 2.43(3 H, s, CH3 in Ts gp.), 2.77-2~86 (2 H, m, Cl), 3.91-3.95 
(1 H, m, C2), 4.04 (2 H, d, J 6.8 Hz, Cl), 4.97-5.06 (3 H, m, N-Cbz CH2Ph & NH), 
7.06 (2 H, d, J 8.4 Hz, arom., Ph gp.), 7.20-7.22 (3 H, m, arom., Ph gp.) 7.30-7.35 (7 
H, m, arom.; Ph gp.), 7.76 (2 H, d, J 8.4 HZ,arom., Ph gp.); 8c(100 MHz; CDCh) 
22.0 (CH3, CH3 in Ts gp.), 37.5 (CH2, C3), 51.7 (CH, C2), 67.2 {CH2, Cl), 70.2 (CH2, 
· N-Cbz CH2Ph), 127.3, 128.4, 128.6,.128.7, 128.8, 128.9, 129.1, 129.4, 129.6, 130.0, 
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130.4 (14 x CH, arom., 3 x Ph gp. [132.9, 136.6, 136.9 (3 x C quat., arom., ips~ in 3 x 
Ph gJ:l.»), 145.5 (C quat., arom., para in Ts Ph gp.») 155.9 (C quat., N-Cbz C=O); m/z 
439 [11'), exact mass calcd. for C24H2SNOsS 439.1454 found 439.1460: 
, (-)-Phenylmethyl N-( (IR,2S)-2hydroxy-l-[methyl( methyloxy)amino I-carbonyl-
propyl)carbamate: 145 
Prepared according to the general procedure to afford N-Cbz-L-threoninamide (145) 
in (4.62 g; 98%) yield as a white powder, mp 137-138 °C. [a)20o -7.3 (c 1.04, 
CHCh); (Found C, 54.12; H, 6.65; N, 9.32. CIOH140 3 requires C, 56.75; H, 6.80; N, 
9.45%); vmo,{film)!cm-13386, 2976,1719,1655,1522,1455,1260,1061,990; IiH(400 
MHz; CDCh, 50°C) 1.21 (3H, d, J2.8 Hz, CH3, C4), 3.19 (3 H, s, OCH3), 3.73 (3 H, 
" br. s, NCH3), 4.09 (1 H, m, C3), 4.68 (1 H, dd, J 2.0 and 7.2 Hz, C2), 5.08 (1 H, d, J 
12.4 Hz, N-Cbz HCHPh), 5.13 (1 H, d, J 12.4 Hz, N-Cbz HCHPh), 5.79 (1 H, d, J 8.4 
Hz, NH), 7.26-7.33 (5 H, m, arom., Ph gp.); 1ic(100 MHz; CDCh, 50°C) 19.8 (CH3, 
C4), 32.6 (NCH3), 55.6 (OCH3), 61.8 (CH, C2), 67.3 (CH2, N-Cbz CH2Ph), 68.0 (CH, 
C3); 128.3, 128.4, 128.8 (5 x CH, arom., Ph gp.), 136.8 (C quat., arom., ipso in Ph 
gp.), 157.0 (C quat., N-Cbz C=O), 172.2 (C quat., Cl); m/z296 [M+), exact mass 
calcd. for C14H20N20S 296.1372 found 296.1377. 
(+)-Ph enylmethyl (4S,5R)-2,2,5-trimethyl-4-{ [methyl( methyloxy)amino 1-
carbonyl}-1,3-oxazolane-3-carboxylate: 147, 
N-Cbz-L-threoninarnide (145) (4.80 g, 17.1 mmol), was dissolved in a mixture of 
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acetone/2,2-dimethoxy propane (1: 1, 100 ml), a catalytic amount of BF3.Et20 (0.1-0.5 
eq, until the reaction mixture remains as a light yellow colour). The mixture was 
stirred at room temperature for 3 h, before adding an aqueous saturated solution of 
sodium bicarbonate (50 ml). The organic fraction was separated and washed once 
with water' (25 ml) and once with brine (25 ml). The organic phase was dried over 
anhydrous sodium sulphate, filtered and removed by rotary evaporation to afford 
(4.84 g, 88%) yield as yellow oil. [afoD +30.5 (c 1.09, CHCh); (Found C, 59.54; H, 
7.08; N, 8.15'- CI7H24N204 requires C, 60.70; H, 7.19; N, 8.33%); vmax(neat)/cm-1 
3497,2980,2937,1709, 1455, 1406, 1349, 1258, 1214, 1121, 1085, 1041,767,697; 
oH(400 MHz; CDCh) 1.36 (2 H, d, J 6.1 Hz, C4maj), 1.40 (lH,d, J 6.1 Hz, C4min), 
1.61 (4 H, d, J 11.3 Hz, CHjCCHjmin), 1.69 (2 H, d, J 13.8 Hz, CHjCCHjmaj), 3.03 (2 
H, s, NCH3maj), 3.24, (2 H, s, OCH3maj), 3.25 (1 H, s, OCH3min), 3.81 (1 H, s, N 
CH3min), 4.13-4.23 (1 H, m, C3maj+min), 4.40 (0.67 H. d. J7.2 Hz. C2maj). 4.57 (0.33 H. 
d, J7.1 Hz. C2min), 4.91 (0.67 H, d, J 11.6 Hz, N-Cbz HCHPhmaj), 5.09 (0.67 H, d, J 
11.6 Hz, N-Cbz HCHPhmaj), 5.12 (0.33 H. d. J 12.2 Hz, N-Cbz HCHPhmin), 5.20 (0.33 
H. d. J 12.3 Hz, N-Cbz HCHPhmin), 7.28-7.35 (5 H. m. arom .• Ph gp.maj+min); oc(100 
MHz; CDCh) 19.3 (CH), C4maj), 19.4 (CH), C4min). 24.3 (CH), CH)CCH3maj). 25.1 
(CH3• CH3CCH3min). 27.1 (CH3• CH3CCH3maj). 28.3 (CH3• CH3CCH3min), 32.3 (CH3• 
NCH3maj). 32.6 (CH3, NCH3min), 60.8 (CH3, OCH3m'll), 61.5 (CH3, NCH3min), 63.1 
(CH. C2maj). 63.7 (CH. C2min), 67.6 (CH2, N-Cbz CH2Phmaj), 67.7 (CH2, N-Cbz 
CH2Phmin), 74.7 (CH. C3maj). 75.1 (CH, C3min). 95.1 (C quat., C(CH3)2mia). 95.6 (C 
quat.. C(CH3hmaj). 128.2, 128.4, 128.6, 128.7. 128.9, 129.2 (CH. arom .• 5 x Ph 
gp.maj+min), 136,,4 (C quat.. ipso in Ph gp.maj), 136.5 (C quat.. ipso in Ph gp.mia). 151.9 
. (C quat., N-Cbz C=Omaj).153.0 (C quat.. N-Cbz C=Omin), 170.2 (C quat., Cl min), 
170.3 (C quat.. Clmaj); mlz 336 [M+] , exact mass calcd. for CI7H24N204 336.1685 
found 336.1766. 
H-Phenylmethyl (4S,SR)-4-formyl-2,2,5-trimethyi~ 1~3-o£azolane-3-carboxylate: . 
148 
-
N-CbzCHt'1l 
164 
Prepared according to the general procedure to afford aldehyde (148) in (0.57 g, 73%) 
yield as colourless oil. [a]20o -45.3 (c 1.05, CHCI); (Found C, 63.30; H, 6.64; N, 
, 4.61. C1sH19N04 requires C, 64.97; H, 6091; N, 5.05%); vmax(fiIm)/cmo1 3456, 2983, 
1718,1409, i350, 1263, 1117, 1085,698; /)H(250 MHz; CDCI), 55°C) 1.33 (3 H, d,J 
6.0 Hz, C4), 1.55 (3 H, s, CHJCCHl), 1.62 (3 H, s, CHlCCHJ), 3.82 (1 H, dd, J 3.4 
and 7.8 Hz, C2), 4.04-4.11 (1 H, m, C3), 5.1 1 (1 H, br. s, N-Cbz CH2Ph), 7.22-7.33 (5 
H, m, arom., Ph gp.), 9.41 (1 H, s, CHO, Cl); /)c(100 MHz; CDCh, 55°C) 18.5 (CH), 
C4), 25.9 (CH), CH3CCHl), 27.0 (CH3, CH3CCH3), 67.8 (CH2, N-Cbz CH2Ph), 71.1 
(CH, C3), 71.4 (CH, C2), 127.2, 128.4, 128.6, 128.7, 128.9(5 x CH, arom., Ph gp.), 
136.3 (C quat., arom., ipso in Ph gp.), 141.7 (C quat., N-Cbz C=O), 197.2 (CH, CHO, 
Cl); mlz 277 [M+], exact mass calcd. for C1sH19N04 277.1314 fciund277.1239. 
(+)-Phenylmethyl (4S,5R)-2,2,5-trimethyl-4-[(methyloxy)imino]methyl-1,3-
oxazolane-3-carboxylate: 150 , 
N-CbloCH,Ph I::Z Isomers 
A prepared solution of O-methyl hydroxylamine hydrochloride (1.12 g, 13.4 mmol) in 
methanol (40 ml), sodium hydroxide (0.40 g, 11.1 mmol) was stirred for 15 minutes 
before being transferring to a solution of aldehyde (148) (2.85 g, 10.3 mmol) also in 
methanol (40 ml). The reaction mixture was left to stir at room temperature overnight. 
Methanol was removed by rotary evaporation and the resulting crude oil was 
dissolved in DCM (25 ml). The organic phase' was washed once with an aqueous 
saturated solution of ammonium chloride (25 ml), and once with an aqueous saturated 
solution of sodium bisulphite (25 ml). dried over anhydrous sodium sulphate, 
filtration and removed by rotary evaporation afforded (2.99 g, 90%) yield as yellow 
oil consisting of both E:Z isomers. [a]20o +6.8 (c 1.53, CHCh); (Found: C, 62.65; H, 
7.16; N, 8.83. C16H22N204 requires C, 62.73; H, 7.24; N, 9.14%); vmax(fiIm)!cmo1 
3496, 2981, 1710, 1455, 1407, 1350, 1258, 1214, 1122, 1086, 1042, 698; /)H(400 
MHz; CDCI), 50°C) 1.32 (2 H, d, J 6.0 Hz, C4maj), 1.35 (1 H, d, J 6.0 Hz, C4m1n), 
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· 1.52 (3 H, s, CHJCCH3), 1.61 (3 H, s, CH3CCHJ), 3.80 (2 H, s, OCH3maj), 3.81 (1 H, 
OCH3min), 3.97-4.00 (0.67 H, m, C3maj), 4.06-4.09 (0.33 H, m C3min), 4.65 (0.67 H, br. 
s, C2maj), 4.69 (0.33 H, t, J 6.8 Hz, C2min), 5.12 (2 H, dt, J 7.2 and 12.4 Hz, N-Cbz 
CH2Ph), 6.54 (0.67 H, d, J 6.4 Hz, CH=Nmaj), [7.24-7.34 (5.33 H, m, CH=Nmin and 
arom., Ph gp.); oc(100MHz; CDCb, 50 °C)18.0 (CH3, C4m~j), 19.5 (CH3, C4min), 
26.0 (CH3, CH3CCH3), 27.3 (CH3, CH3CCH3), 61.9 (CH3, OCH3maj), 62.2 (CH3, 
OCH3min), 63.1 (CH, CH=Nmaj), 65.5 (CH, CH=Nmin), 67.3 (CH2, N-Cbz CH2Ph), 74.6 
(CH, C3), 75.2 (CH, C2), 95.2 (C quat., CH3CCH3), 127.8, 128.3, 128.6, 128.8, 129.1 
(CH, arom., Ph gp.), 136.7 (CH, CH=Nmaj), 141.6 (C quat., arom., ipso in Ph gp.), 
148.7 (CH,· CH=Nmin), 150.4 (C quat., N-Cbz C=Omaj), 152.7 (C quat., N-Cbz 
C=Omin); mlz 306 [M+Hj, exact mass calcd. for C16H23N204 307.1658 found 
307.1653. 
(-)-(3S)-I,2,3,4-Tetrahydroisoquinolin-3-ylmetbanol: 171 
LAH (2.28 g, 60.0 mmol) was suspended in freshly distilled ice-cooled anhydrous 
THF (150 ml). H-(3S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (157) (5.00 
g, 28.0 mmol) was carefully added portion wise. The mixture was stirred for 16 h at 
ambient temperature. The excess LAH was hydrolyzed by consecutive addition of 
water (2.5 ml), followed by sodium hydroxide (2.5 ml of a 20% aqueous solution) and 
water (7.5 ml). This mixture was left to stir for half an hour (it turned into a clear lime 
coloured solution) before filtering through a two-inch pad ofCelite®. The residue was 
washed with diethyl ether (3 x 25 ml) and combined with the filtrate. The organic 
fractions were dried overimhydrous sodium sulphate and concentrated to afford F)-
(S)-hyroxymethyl-l,2,3,4-tetrahydroisoquinoline (171) (9.78 g, 84%) yield as an 
orange solid, mp 108-109 °C, (lit. mp 109 0C).63 [aj20D -84.4 (c 1.00, CHCh), (lit. 
[aj22D -86.0 (c 1.00 in CHCb)63); (Found C, 73.30; H, 7.53; N, 8.10. CIOHJ3NO 
requires C, 73.59; H, 8.03; N, 8.59%); vmax(nujol)/cm·1 3282, 3245, 2920, 1604, 1583, 
1499,1455,1426, 1377, 1349, 1060,752,738; oH(250 MHz; CDCb) 2.57 (1 H, dd, J 
10.5 and 16.4 Hz, AIHCHeq, isoq-4), 2.70 (1 H, dd, J 4.4 and 16.4 Hz, AIHaxCH, 
166 
isoq-4), 3.00-3.11 (1 H, m, CHN isoq-3), 3.51 (1 H, dd, J 7.9 and 10.9 Hz, HCHO, 
Cl '), 3.76 (1 H, dd, J 3.8 and 10.9 Hz, HCHO, Cl '), 4.03 (2 H, br. s, isoq-l), 7.17-
. 6.98 (4 H, m, arom. H, isoq-5, 6, 7 & 8), both the NH and OH peaks were under 
. (isoq-4); /ic(62.5 MHz; CDCh) 30.9 (CH2, ArCH2 isoq-4), 47.8 (CH2, isoq-l), 55.1 
(CH, isoq-3), 65.6 (CH2, CH20), 125.9, 126.0, 126.3, 129.3(4 x C quat., arom., isoq-
5, 6, 7 & 8), 133.9, 135.4 (2 x C quat., arom., isoq-4a & 8a); mlz 163 [M+l, exact 
mass calcd.for ClOHl3NO 163.0997 found 163.0999. 
(+)-(S)-3-[Trimethylsiloxy)methyI1-3,4-dihydrisoquinoline: 172 
. , . I.,...· 
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(-)-(S)-3-(Hydroxymethyl)-1,2,3,4-tetrahydroisoquinoline (171) (14.1 mmol) was 
treated with trimethylsilyl chloride (Me3SiCI) (17.6 mmol) and triethylamine (17.6 
mmol) in freshly distilled THF (25 ml), This produced the trimethylsiloxy derivative 
in quantitative yield, which was dissolved in dichloromethane (50 ml). NCS (22.1 
mmol) was added and stirred for one hour before tetrabutylanunonium iodide (17.6 
mmol) and potassium hydroxide (250 ml of 20% aqueous solution) were added, and 
the mixture was stirred for a further one hour. The organic fraction was separated and 
washed with water (3 x 50 ml), dried over anhydrous sodium sulphate, filtered and 
concentrated. The product was dissolved in anhydrous THF (50 ml) and it was re- . 
protected as the TMS alcohol, as in the first part of this method to afford (171) in 
(66%) yield as yellow oil; vma.(neat)/cm,l 1625; 1105, 1079;oH(250 MHz; CDCh) 
0.09 (9 H, s, Si(CH3)J), 2.65 (I H, dd, J 10.4 and 16.4 Hz), 2.86 (1 H, dd, J 5.5 and 
16.4 Hz), 8.32 (I H, d, J2.0 HZ).64 
(+)-[(3S)-2-Methyl-3,4-dihydroisoquinolinium-3-yllmethan01 . tetraphenylborate: 
173 
(+)-(S)-3-[(Trimethylsiloxy)methyI1-3,4-dihydroisoquinoline (172) (7.20 g, 30.8 
167 
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mmol) was dissolved in DCM (150 ml) and was cooled to 0 QC. Methyltriflate (3.48 
ml, 30.8 mmol) was added, and left to stir for 4 h. The solvent was removed by rotary 
evaporation and the product was dissolved in ethanol (50 ml), HBr (catalytic) was 
added, the mixture was left to stir overnight. Sodium tetraphenylborate (10.5 g, 30.8 
mmol) was added as a solution in acetonitrile (20 ml). This mixture was stirred for a 
further 2 h before the solvent was removed by rotary evaporation. The resulting solid 
was macerated in hot ethanol, causing the organic salt to precipitate. The salt was 
. isolated by suction filtration and rinsed with ethanol/water (1 :1) to remove the sodium 
bromide, follow by ethanol to remove water, and finally with diethyl ether, resulted in 
(173) in (2.29 g, 15%) yield .as yellow powder, mp 163-165°C (from ethanol). [(1)2°0 
+115.3, (c 1.03, DMSO); vmainujol)/cm·1 3491, 2924, 2358,1456,1426,1377,1031, 
735,707; 15H(400 MHz; CD3CN) 2.18 (2 H, m, ArCH2, isoq-4), 3.13 (1 H, d, J 17.6 
Hz, HCHOH, Cl'), 3.31 (1 H, br. s, OH), 3.36 (1 H, dd, 7.6 and 17.8 Hz, HCHOH, 
Cl '),3.65 (3 H, s, NCH3), 4.03 (1 H, d, J 5.6 Hz, CHN, isoq-3), 6.83 (4 H, t, J7.2 Hz, 
arom., para in BP14 gp.), 6.99 (8 H, t, J 7.6 Hz, arom., ortho in BP14 gp.), 7.27-7.47 
(8 H, m,arom.; meta in BP14 gp.), 7.36-7.75 (4 H, m, arom. H, isoq-5, 6, 7 & 8), 8.45 
(1 H, s, HC=N, isoq-l); 15c(100 MHz; CD3CN) 28.6 (CH2, ArCH2, isoq-4), 48.9 (CH3, 
NCH3), 62.3 (CH2, CH20H), 63.4 (CH, CHN, isoq-3), 123.3 (8 x CH, arom., ortho in 
BP14 gp.), 127.1 (4 x CH, arom., para in BP14 gp.), 125.5, 129.7, 130.1, 134.8 (CH, 
arom., isoq-5, 6, 7 & 8), 136.2 (8 x CH, arom;, meta in BP14 gp.), 136.9 (C quat., 
arom., isoq-8a), 137.2 (CH, arom., HC=N, isoq-l), 139.7 (4 x C quat., arom., CoB 
ipso inBP14 gp.), 140.4(C quat., arom., isoq-4a); mlz 176 [M+), exact mass calcd. for 
cation CIIH14NO 176.1075 found 176.1072. 
(-)-(3S,lO·S)-3-tert-Butyl-l.5,10.10·-tetrahydro[I,3)oxazolo[3,4-h)isoquinoline: 
178 
To a solution of (-)-(S)-hyroxymethyl-l,2,3,4-tetrahydroisoquinoline (171) (1.90 g, 
11.7 mmol) in dry DCM (50 ml), was added PTSA (5 mol%)and pivaldehyde (1.40 
ml, 12.8 mmol). The mixture was heated at reflux for 20 h, and allowed to cool to 
168 
,---------- --------
ambient temperature. The. reaction solvent was filtered through a pad of Celite ® and 
washed with DCM (50 ml). The organic filtrate was washed with a aqueous saturated 
solution of sodium bicarbonate (25 ml), water (25 ml), and then brine (25 ml). The 
solvent was removed rotary evaporation resulting in (1.98 g, 74%) yield as orange 
plates, mp 92-93 cC (from DCM). [a]2oD -15.1 (c 1.05, CHCh); (Found C, 77.19; H, . 
9.10; N, 6.04. CI5H21NO requires C, 77.88; H, 9.15; N, 6.05%); vmax(neat)/cm·1 3349, 
·3058, 2922, 1657, 1626, 1588, 1494, 1451, 1383, 1266, 1152, 1035, 745; oH(400 
MHz; CDCh) 0.98 (9 H, s, C(CH3)3), 2.74-2.95 (3 H, m, CH2, CI0 & CH, ClO'), 3.52 
(lH, dd, J7.2 and 9.7 Hz, HCH, Cl), 3.63 (1 H, d, J 14.4 Hz, HCH, C5), 3.83 (1 H, s, 
CH, C3), 4.10 (2 H, dd, J 5.6 and 7.2 Hz, HCH, Cl), 4.17 (1 H, d, J14.4 Hz, HCH, 
C5); 7.00-7.23(4 H, m, arom., C6, 7, 8 & 9); oc(75.4 MHz; CDCh) 25.51 (CH3, 3 x 
CH3), 31.9 (CH2, CI0), 36.7 (C quat., Cl'), 55.2 (CH2, C5), 61.3 (CH, C10a), 71.0 
(CH2, Cl), 103.0 (CH, C3), 125.9 (CH, arom., C7), 126.3 (CH, arom., C8), 126.9 
(CH, arom., C9), 129.1 (CH, arom., C6), 134.0 (C quat., arom., C5a), 135.3 (C quat., 
arom., C9a); mlz 231 [M+],exact mass calcd. for CI5H21NO 231.1623 found 
231.1619. 
2-[(IR,2S)-2-(Benzyloxy)-I-metbyl-2-pbenyletbyl]-1,2,3,4-tetrabydroisoquinoline 
180 
. A solution of (179) (0.20 g, 0.75 mmol) in freshly distilled THF (9.0 ml) ~as cooled 
to -78 cC. n-BuLi(0.90 ml,0.89 mmol) was added via syringedropwise and the 
mixture stirred for 10 min. before the dropwise addition of benzyl bromide (0.11 ml, 
0.90 mmol). The stirring reaction was allowed to worm up to room temperature and 
left to stir for a further hour. The solvents were removed by rotary evaporation and the 
resulting semi-solid gum was suspended in diethyl ether (30 ml).· The organic 
, 
fractions were given an aqueous work up, water (3 x 20 ml) and then brine (20 ml). 
. Drying over anhydrous sodium sulphate, filtration and solvent removal by rotary 
evaporation afforded (180) in (0.22 g, 83%) yield as colourless fine needles, mp 54-55 
169 
. °C (from diethyl ether and hexane). (Found C, 83.51; H, 7.69; N, 3.35. C2sH27NO 
. requires C, 83.99; H, 7.61; N, 3.92%); vmax(neat)/cm'\ 1493, 1452, 1379, 1350,2098, 
1073, 1003, 706; I5H(400 MHz; CDCh) 0.96 (3 H, d, J 6.9 Hz, Cl '), 2.73-2.95(6 H, 
m, Cl & 2 and isoq-3 & 4), 3.86 (1 H, d, J 14.8 Hz, HCH, isoq-l), 3.81 (1 H, d, J 
14.8 Hz, HCH, isoq-I), 4.95 (2 H, d, J 3.8 Hz, PhCH2), 7.07-7.36 (14 H, m, arom., 
isoq-5, 6, 7 & 8 and 2 x Ph gp.); 15c(100 MHz; CDCh) 10.1 (CH), Cl '), 29.5 (CH2, 
isoq-4), 47.6 (CH2, isoq-l), 53.7 (CH2, isoq-3), 63.8 (CH, Cl), 72.6 (CH2, PhCH2), 
77.4 (CH C2), 125.2, 125.4, 125.5, 125.7, 125.9, 126.0, 126.2, 126.7, 127.0, 127.8, 
128.0, 128.2, 128.3, 128.5 (14 x CH, arom., isoq-5, 6, 7 & 8 and 2 x Ph gp.), 128.7, 
134.6,.135.1,142.0 (4 x C quat., arom., isoq-4a & 8a and 2 x Ph gp'.). 
(+ )-N-1- [(lR,2R,3R,5S)-2,6,6-Trimethylhicyclo [3.1.1] hept-3-yl]-(2S)-2-[ 6-( methyI-
oxy)naphthalen-2-yl]propanamide: 189 
'. Prepared according to the method as in (199) to afford (19i) in (0.51 g 85%) yield as 
white crystals, mp 58-60°C (from ethyl acetate). [a]2oD +21.8 (c1.03, CHCh); 
(Found C, 78.59; H, 8.52; N, 3.83. C24H)IN02 requires C, 78.86; H, 8.55; N, 3.83%); 
vmax(film)/cm"1 3292, 2905,1638, 1606, 1543, 1265; 1212, 1161, 1034,756; I5H(400 
MHz; CDCh) 0.68 (1 H, d, J 9.6 Hz, C4'); 0.98 (3 H, d, J 3.6 Hz, Cl '), 1.01 (3 H, s, 
C9'), 1.17 (3 H, s, CI0'), 1.42 (1 H, ddd, J2.4, 6.4 and 14.0 Hz, C4'),1.51 (1 H, dt,J 
1.6 and 7.2 Hz, C8'), 1.58 (3 H, d, J7.2 Hz, C3), 1.70 (1 H, dt, J2.0 and 6.0 Hz, C5'), 
1.87-1.90 (1 H, m, CT), 2.29 (1 H, ddd, J3.6, 6.0 and 7.2 Hz, CT), 2.52-2.58 (1 H, 
ID, C2'), 3.67(1 H,q,J 6.8 Hi, C2), 3.90 (3 H,s, OCH), 4.25-4.29 (1 H, m, C3'), 
5.65 (1 H, d,J8.4Hz,NH), 7.12(1 H, d,J2.4Hz, arom., nap-5), 7.15 (1 H,dd,J2.8 
and 8.8 Hz, nap-4), 7.39 (1 H, dd, J 2.0 and 8.4 Hz, nap-3), 7.66 (1 H, d, J 0.8 Hz, 
nap-I), 7.69 (1 H, d, J 5.6 Hz, nap-7), 7.71 (1 H, d, J 5.6 Hz, nap-8); I5c(lOO MHz; 
CDCh) 19.1 (CH), Cl '), 21.1 (CH), C3), 23.6 (CH), C9'), 28.4 (CH), CI0'), 35.6 
(CH2, C4'), 37.4 (CH2, CT), 38.8 (C quat., C6'), 41.9 (CH, C2'), 46.5 (CH, C5'), 
47.5 (CH, C2), 48.1 (CH, C3'), 48.3 (CH, C8'), 55.7 (CH), OCH), 106.1 (CH, arom., 
nap-5), 119.4 (CH, arom., nap-7), 126.4 (CH, arom., nap-4), 126.6 (CH, arom., nap-
170 
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i), 127.8 (CH, arom., nap-3), 129.4 (C quat., arom., nap-Ba), 129.6 (CH, arom., nap-
B), 134.1 (C quat., arom., nap-4a), 137.3 (C quat., arom., nap-2), 158.1 (C quat., 
arom., nap-6), 171.5 (C quat., arom., NH-C=O, Cl); mlz 365 [M+], exact mass calcd. 
for C24H31N02 365.2355 found 365.2355. 
(+)-N-(2S)-2-[6-(Methyloxy)naphthalen-2-yl)propyl-N-[(1R,2R,3R,SS)-2,6,6-
trimethylbicyclo[3.1.1)hept-3-yl)ammonium chloride: 190 . 
. ~';': 1 ~::G\-" .:. I ~\"'-
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Prepared according to the method as in (200) to afford (190) in (0.34 g, 78%) yield as 
white crystals, mp 206-207 DC (from diethyl ether). [a]2oD +11.3 (c 1.06, CH30H); 
(Found C, 74.15; H, 9.14; N, 3.46. C24H34ClNO requires C, 74.30; H? 8.83; N, 
3.61 %); vmox(film)/cm-I 3418, 2966, 2532, 1456, 1266, 1030, 852; SH(400 MHz; 
CD30D) 0.34 (3 H, s, C9'), 0.77 (3 H, d, J 7.2 Hz,Cl '), 0.94 (3 H, s, CIO'), 1.23 (3 
H, d, J 6.4 Hz, C3), 1.50-1.65 (2 H, m, CT), 1.68-1.78 (2 H, m, CS' & C8'), 2.05-
2.24 (2 H, m, C4'), 2.90-2.92 (1 H, m, C2'), 3.11-3.25 (4 H, m, Cl, C2 & C3'), 3.66 
(3 H, s, OCH3), 4.62 (2 H, hr. s, NH2), 6.91 (1 H, dd, J 1.2 and 8.8 Hz, arom., nap-3), 
6.99 (1 H, d, J 2.4 Hz, arom., nap-i), 7.25 (1 H, dd, J 1.6 and 8.8 Hz, arom., nap-4), 
7.51 (1 H, d, J 3.6 Hz, arom., nap-5), 7.55 (1 H, dd, J 3.6 and 5.0 Hz, arom., nap-7), 
7.59 (1 H, d, J 5.2 Hz, arom., nap-B); Sc(100 MHz; CD30D) 17.3 (CH3, Cl '), 22.8 
(CH3, C3), 25.3 (CH3, C9'), 29.7 (CH3, CI0'), 34.1 (CH2, CT), 35.6 (CH2, C4'), 40.8 
(CH, C2'), 41.5 (C quat., C6'), 44.0 (CH, C2), 50.6 (CH, CS'), 51.5 (CH, C8'), 54.2 
(CH2, Cl), 57.6 (CH3, OCH3), 59.6 (CH, C3'), 108.5 (CH, arom;, nap-5), 122.1 (CH, 
arom., nap-7), 128.2 (CH, arom., nap-4), 128.9 (CH, arom., nap-i), 130.9 (CH, 
arom., nap-3), 132.0 (CH, arom.,nap-B), 132.4 (C quat., arom., nap-Ba), 137.4 (C 
quat., arom., nap-4a), 140.7 (C quat, arom., nap-2), 161.1 (C quat., arom., nap-6); mlz 
353 [M+H], exact mass calcd. for cation C24H3sNO 353.2719 found 353.2719. 
171 
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H-N-(2S)-2-[6-(Methyloxy)naphthalen-2-yl]propyl-N-[(lR,2R,3R,5S)-2,6,6-tri-
methylbicycIo[3.1.1]hept-3-yl]formamide: 191 
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Prepared accQrding to. the methQd as in (201) to. affQrd (191) in (1.00 g, 54%) as 
cQIQurless gummy Qil, which slQwly sQlidified, mp 93-95 °C. [a]20o -31.4 (c 1.11, 
CHCl3); (FQund C, 78.20; H, 8.56; N, 3.16. C2sH))N02 requires C, 79.11; H, 8.76; N, 
3.69%); vma,(fiIm)/cm-129S9, 1663, 1607,1458, 1374,1265,1032,731; IiH(400 MHz; 
CDCh) 0.87 (3 H, s, C9'), 0.92 (3 H, d, J7.2 Hz, Cl '), 1.11 (3 H, s, CI0'), 1.29 (3 H, 
d,J6.9 Hz, C3), 1.27-1.30 (2 H, m, C4'), 1.71-1.78 (1 H, m, C8'), 1.83-1.89 (1 H, m, 
CS'), 1.97-2.01 (1 H, m, C2'), 2.17-2.36 (2 H, m, C7'), 3.01-3.10 (1 H, m, C2), 3.27-
3.44 (2 H, rn, Cl), 3.52-3.66 (1 H, m, C3'), 3.99 (3 H, S, OCH), 7.02-7.07 (2 H, m, 
atQm., nap-3& i), 7.24 (1 H, ddd, J 1.6,8.6 and 42.2 Hz, arQm., nap-4), 7.45-7.52(1 
H, m, arQm., nap-5), 7.59 (1 H, dd, J 4.4 and 6.9 Hz, arQm., nap-7), 7.62 (1 H, d, J9.0 
Hz, arQm., nap-8), 8.45 (1 H, s, N-CHO); 1ic(100 MHz; CDCh) 18.9 (CH), Cl '), 20.0 
(CH), C3), 23.2 (CH), C9'), 23.4 (CH), CID'), 28.0 (CH, C3'), 32.3 (CH2, C4'), 34.0 
(CH2, C7'), 37.6 (CH, C2'), 39.3 (CH, C2), 40.6 (CH, CS'), 41.5 (CH, C8'), 47.6 
(CH, C3 '), 50.5 (CH2,Cl ), 58.8 (CH), OCH), 105.6 (CH, arQm., nap-5), 118.7 (CH, 
arQm., nap-7), 126.3 (CH, arQm., nap-4), 126.9 (CH, arQm., nap-i), 127.4 (CH, 
arom., nap-3), 129.0 (C quat., arQm., nap-8), 133.4 (CH, arQm., nap-8a), 133.4 (C 
quat., arQm., nap-4a), 138.2 (C quat., arQm., nap-2), 157.3 (C quat., arQm., nap-6), 
164.2 (CH,N-CHO); mlz 379 [1f'], exact mass calcd. for C2sH))N02 379.2511 fQund 
379.2519. 
172 
(+)-(4S)-4-Methyl-8-(methyloxy)-2-[(IR,2R,3R,5S)-2,6,6-triethylbicycIo-[3.3.1)-
hept-3-yl)-3,4-dihydrobenzo[h )isoquinolinium dichlorophosphate: 192 
Prepared according to the method as in (202) to afford (192) in (0.12 g, 94%) yield as 
bright yellow solid, mp 62-63 QC. [a]2oD +7.6 (c 1.00, CH3CN); vmax(film)/cm·1 3384, 
2928, 1623, 1484, 1378, 1261, 1080,733; IlH(400 MHz; CD3CN) 1.17 (3 H, s, C9'), 
1.17-1.19 (1 H, m, C7'),1.21 (3 H, d,J7.2 Hz, Cl'),1.35 (3 H, s, CI0'), 1.34 (3 H, d, 
J 7.2 Hz, nap-I 1), 1.96-2.02 (1 H, m, C2'), [2.11-2.15 (2 H,.m, C8' & nap-4)], 2.40-
2.47 (1 H, m, C5'), [2.52-2.60 (2 H, m, C4' & C7')], 3.53-3.59 (1 H, m, C4'), 3.93 (3 
H, s, OCH3), 4.03 (I H, dd, J 5.2 and 27.6 Hz, HCH, nap-3), 4.06 (1 H, dd, J 4.0 and 
30.0 Hz, HCH, nap-3), 4.95 (1 H, dd, J7.6 and 15.6 Hz, C3'), 7.41 (1 H, d, J2.4 Hz, 
arom., nap-7), 7.45 (lH, dd,J2.4 and 9.2 Hz, arom., nap-9), 7.58 (1 H, dd;J5.2 and 
8.8 Hz, arom., nap-5), 8.26 (1 H, d, J 8.8 Hz, arom., nap-6), 8.32 (1 H, d, J 9.2 Hz, 
arom., nap-la), 9.73 (1 H, s, HC=N, nap-I); 1lc(100 MHz; CD3CN) 18.1 (CH3, nap-
11), 19.9 (CH3, Cl '),23.3 (CH3, C9'), 28.4 (CH3, CIO'), 32.1 (CH2, C4'), 32.2 (CH, 
nap-4), 34.6 (CH2, C7'), 40.3 (CH, C5'), 40.6 (C quat., C6'), 42.1 (CH, C8'), 48.0 
(CH, C2'), 50.1 (CH2, nap-3), 56.4 (CH3, OCH3), 72.3 (CH, C3 '), 108.6 (CH, arom., 
. nap-7), 119.6 (CH, arom., nap-9), 120.3 (C quat., arom., nap-lab), 124.3 (CH, arom., 
nap-JO), 125.9 (CH, arom., nap-5), 127.6 (C quat., arom., nap-JOa), 135.2 (C quat., . 
arom., nap-6a), 139.4 (CH, arom., nap-6), 143.4 (C quat., arom., nap-4a), 159.4 (C 
. quat., arom., nap-B), 163.9 (CH, HC=N, nap-I); m/z 362 [~], exact mass calcd. for 
cation C2sH32NO 362.2484 found 362.2485. 
173 
. (+)-N-l-[(IS,2S,3S,5R)-2,6,6-Trimethylbicyclo[3.1.1)hept~3-yl)-(2S)-2-[6-(methyl­
oxy)naphthalen-2-yl)propanamide: 194 . 
Prepared according to the method as in (199) to afford (194) in (1.57 g, 99%) yield as 
white crystals, mp 146-147 °C (from ethyl acetate). [aj20o +18.6 (c 1.01, CHCh); 
(Found C, 78.37; H, 8.53; N, 3.82. C24HllN02 requires C, 78.86; H, 8.55; N, 3.83%); 
vmax(film)/cm'\ 3297, 2905,1639,1606,1541, 1264, m1212, 1033,755; oH(400 MHz; 
. CDCh) 0.68 (1 H, d, J 9.6 Hz, C4'), 0.98 (3 H, d,J 7.2 Hz, Cl '), 1.00 (3 H, s, C9'), 
1.17 (3 H, s, CIO'), 1.42 (1 H, ddd, J 2.4, 6.4 and 9.6 Hz, C4'), 1.52 (1 H, dt, J 1.6 
and 7.2 Hz, C8'), 1.58 (3 H, dd, J 1.2 and 7.2 Hz, C3), 1.70 (1 H, dt, J2.0 and 6.0 Hz, 
C5'), 1.87-1.90 (1 H, dt, J3.2 and 6.0 Hz, C7'), 2.28 (1 H, ddd, J3.6, 6.0 and 7.2 Hz; 
C7'), 2.52-2.58 (1 H, m, C2'), 3.67 (1 H, q, J 6.8 HZ,.C2), 3.90(3 H, s, OCH3), 4.26-
4.29 (1 H, m, C3'),5.40 (1 H, d, J8.0 Hz, NH), 7.11 (1 H, d, J2.8 Hz, arom., nap-5), 
7.14 (1 H, dd, J 2.8 and 8.8 Hz, nap-4), 7.39 (1 H, dd,J 1.6 and 8.4 Hz, nap-3), 7.66 . 
(1 H, d, J 0.8 Hz, nap-I), 7.69 (1 H, d, J 5.6 Hz, nap"7), 7.71 (1 H, d, J 5.6 Hz, nap-
8); oc(IOO MHz; CDCh) 19.7 (CH3, Cl '), 21.6 (CH3, C3), 24.1 (CH3, C9'), 28.9 
(CH3, CIO'), 36.1 (CH2, C4'), 37.9 (CH2, C7'), 39.3 (C quat., C6'), 42.4 (CH, C2'), 
47.0 (CH, C5'), 47.9 (CH, C2), 48.6 (CH, C3'), 48.8 (CH,C8'), 56.2 (CH3, OCH3), 
106.6 (CH, arom., nap-5), 119.9 (CH, arom., nap-7), 126.9 (CH, arom., nap-4), 127.2 
(CH, arom., nap-I), 128.3 (CH, arom., nap-3), 129.9 (C quat., arom., nap-8a), 130.1. 
(CH, arom., nap-8), 134.6 (C quat., arom., nap-4a), 137.8 (C quat., arom., nap-2), 
158.6 (C quat., arom., nap-6), 174.6 (C quat., arom., NH-C=O, Cl); mlz 365 [M+Hj, 
exact mass calcd. for C24H32N02 366.2433 found 366.2435. 
(+)-N-(2S)-2-[6-(Methyloxy)naphthalen-2-yl)propyl-N-[(1S,2S,3S,5R)-2,6,6-
trimethylbicyclo[3.1.1)hept-3-yl)ammoniumchloride: 195 
. . . . 1 ~ 
,£Cjr,)?1 -
o· ~,~ 
174 
Prepared according to the method as in (200) to afford (195) in (2.20 g, 93%) yield as 
white crystals, mp 212-213 QC (from diethyl ether). [afoD +13.2 (c 1.06, CH30H); 
, (Found C, 73.37; H, 8.35; N, 3.32. C24H34CINO requires C, 74.30; H, 8.73; N, 3.61 % 
:. found C24H34CINO. V.H20); vmax(fiIm)/cm'! 3382, 2935, 2359, 1606, 1458, 1266, , 
1031, 853, 752; /)H(400 MHz; CD30D) 0.57 (3 H, s, C9'), 0.99 (3 H, d, J 7.2 Hz, 
Cl'), 1.17 (3 H, s, CI0'), 1.46 (3 H, dd, J2.8 and 6.4 Hz, C3), 1.74-1.89 (2 H, m, 
, C7'), 1.92-2.02 (2 H, m, C5', & C8'), 2.29-2.48 (2 H, m, C4'), 3.14-3.16 (1 H, m, 
C2'), 3.42-3.49 (4 H, m, Cl, C2 & C3'), 3.90 (3 H, d, JO.8 Hz, OCH3), 5.02 (2 H, hr. 
s, NH2), 7.14 (IH, dd, J2.4 and 8.8 Hz, arom., nap-3), 7.23 (1 H, d, J2.4 Hz, arom., 
nap-i), 7.48 (1 H, dd, J 1.6 and 8.8 Hz, arom., nap-4), 7.75 (1 H, d, J 3.2 Hz, arom., 
nap-5), 7.78 (1 H, dd, J 3.2 and 8.4 Hz, arom., nap-7), 7.82 (1 H, d, J 8.4 Hz, arom., 
nap-B); /)c(lOO MHz; CD30D) 18.6 (CH3, Cl '), 18.7 (CH3, C3), 21.1 (CH3, C9'), 
25.5 (CH3, CI0'), 30.0 (CH2, C7'), 36.6 (CH2, C4'), 37.5 (CH, C2'), 39.7 (C quat., 
C6'), 39.8 (CH, C2), 46.2 (CH, C5'), 47.3 (CH, C8'), 51.0 (CH2, Cl), 53.5 (CH3, 
OCH3), 55.3 (CH, C3'), 104.3 (CH, arom., nap-5), 117.9 (CH, arom., nap-7), 124.8 
(CH, arom., nap-4), 126.7 (CH, arom., nap-i), 127.9 (CH, arom., nap-3), 128.2 (CH, 
arom., nap-B), 133.2 (C quat., arom., nap-Ba), 135.8 (C quat., arom., nap-4a), 136.6 
'+ (C quat,arom., nap-2), 156.9 (C quat., arom., nap-6); mlz 352 [M j, exact mass calcd. 
for cation C24H34NO 352.2640 found 352.2636. 
N-(2S)-2-[6-(Methyloxy)naphthalen-2-yljpropyl-N-[(IR,2R,3R,5S)-2,6,6-tri-
methylbicyclo[3.1.1jhept-3-yl]formamide: 196 
-
Prepared according to thetnethodaS in (201) to afford (196) in (1.37 g, 78%) yield as 
colourless gummy oil. (Found C, 78.14; H, 8.52; N, 3.19. C2sH33N02 requires C, 
79.11; H, 8.76; N, 3.69%); vmax(film)/cm'!2956, 1667, 1605, 1454, 1373, 1265, 1032, 
731; /)H(400 MHz; CDCh) 0.87 (3 H, s, C9'), 0.96 (3 H, d, J 6.4 Hz, Cl '), 1.18 (3 H, 
s, CI0'), 1.37 (3 H, dd, J 1.2 and 6.8 Hz, C3), 1.57-1.62 (1 H, m, C4'), 1.77-1.88 (2 
H, m, C4' & C8'), 1.93-1.98 (1 H, m, C5'), 2.01-2.10 (1 H, m, C2'), 2.33-2.40 (2 H, 
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m, CT), 3.39-3.71 (4 H, m, C2, Cl & C3'), 3.90 (3 H, S, OCH3), 7.01-7.14 (2 H, m, 
arom., nap-3 & i), 7.37 (1 H, dt, J 1.6 and 8.4 Hz, arom., nap-4), 7.59 (1 H, dd, J 1.2 
and 6.0 Hz, arom., nap-5), 7.65-7.72 (2 H, m, arom., nap-7 & 8), 8.29 (1 H, s, N-
CHO); Bc(IOO MHz; CDCh) 19.0 (CH3, Cl'), 20.7 (CH3, C3), 23.2 (CH3, C9'), 23.4 
(CH3, CIO'), 28.0 (CH, C3'), 32.3 (CH2, C4'), 34.0 (CH2, CT), 37.6 (CH, C2'), 39.3 
(CH, C2), 40.6 (CH, C5'), 41.5 (CH, C8'), 48.3 (CH, C3'),50.5 (CH2, Cl), 58.8 
(CH3,OCH3), 105.5 (CH, arom., nap-5), 118.7 (CH, arom., nap-7), 126.9 (CH, arom., 
nap-4), 127.4 (CH, arom., nap-i), 128.9 (CH, arom., nap-3), 133.4 (C quat., arom., 
nap-8), 133.6 (CH, arom., nap-8a), 138.2 (C quat., arom., nap-4a), 139.6 (C quat., 
arom., nap-2), 157.3 (C quat., arom.; nap-6), 164.1 (CH, N-CHO); rnlz 379 [11'"], 
exact mass caIcd. for C2sH33N02 379.2511 found 379.2528. 
(+)-(4S)-4-Methyl-8-(methyloxy)-2-[(IS,2S,3S,SR)-2,6,6-triethylbicyclo-[3.3.1] 
hept-3-yl]-3,4-dihydrob,enzo[h]isoquinolinium dichlorophosphate: 197 
Prepared according to the method as in (202) to afford (197) in (0.73 g, 94%) yield as 
bright yellow solid, mp 65-66 °C. [a]2oD +8.0 (c 1.20, CH3CN); v";ax(film)/cm·t 3385, 
2924,1621, 1483, 1378, 1260, 1106, 1024,827; oH(400 MHz; CD3CN) 0.98 (3 H, s, 
C9'), 1.03 (3 H, d,J7.2Hz, CI'),1.l3 (3 H, s, CIO'), 1.l6(3H,d,J6.8 Hz, nap-i1), 
1.78-1.81 (1 H, m, C2'), [1.92-1.97 (2 H, m, C8' & nap-4)], 2.22-2.26 (1 H, m, C5'), 
2.37-2.42 (2 H, m, CT), 3.34-3.39 (2 H, m, C4'), 3.74 (3 H, s, OCH3), 3.82 (1 H, dd, 
J 4.0 and 16.0 Hz, HCH, nap-3), 3.98 (I H, dd, J 5.6 and 14.8 Hz, HCH, nap-3), 4.95 .. 
(1 H, dd,J8.0 and 17.2Hz, C3'), 7.22 (1 H, d,J2.4Hz, nap-7), 7.27 (1 H, dd,J2.4 . 
and 9.2 Hz, arom., nap-9), 7.45 (1 H, dd, J 4.8 and 8.4 Hz, arom., nap-5), 8.77 (1 H, 
d,J8.4 Hz, arom., nap-6), 8.16 (1 H, d, J9.2 Hz, arom., nap-iO), 9.59 (1 H, s, HC=N, 
nap-i); /)c(IOO MHz; CD3CN) 18.1 (CH3, nap-ii), .19.9 (CH3, Cl '),23.3 (CH3, C9'), 
28.4 (CHj, CIO'), 32.1 (CH2, C4'), 32.2 (CH, nap-4), 34.6 (CH2, CT), 40.3 (CH, . 
C5'), 40.6 (C quat., C6'), 42.1 (CH, C8'), 48.0 (CH, C2'), 50.1 (CH2, nap-3), 56.4 
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· (CH3, OCH3), 72.3 (CH, C3'); 108.6 (CH, arom., nap-7), 119.6 (CH, arom., nap-9), 
120..3 (C quat., arom., nap-lOb), 124.3 (CH, arom., nap-lO), 125.9 (CH, arom., nap-
5), 127.6 (C quat., arom., nap-JOa), 135.2 (C quat., arom., nap-6a), 139.4 (CH, arom., 
nap-6), 143.4 (C quat., arom., nap~4a), 159.4 (C quat., arom., nap-B), 163.9 (CH, 
HC=N, nap~l); m/z 362 [M+], exact mass calcd: for cation CzsH3zNO 362.2489 found 
362.2484. 
H-N"1-[(IR)-I-Phenylethyl)-(2S)-2-[6-(methyloxy)naphthalen-2-yl]propan-
amide: 199 
-
DIEA (4.55 ml, 26.1 mmol) was added to a solution ofnaproxen (2.00 g, 13.1 mmol), 
HOABt (1.86 g, 14.4 mmol) and EDCI (2.75 g, 14.4 mmol) in freshly distilled dry 
DMF (10 ml) at 0 °C. This reaction mixture was stirred at 0 °C for 15 minutes before 
the addition of (+)-phenylethylamine (198) (1.67ml, 13.1mmol) neat. The stirring 
continued and the reaction vessel was allowed to worm up to ambient temperature 
overnight. DMF was removed by rotary evaporation and the resulting residue was 
partitioned between aqueous HCl (20 ml, 2 N) and ethyl acetate (20. ml). The organic 
fraction was separated and washed once with water (20. ml), saturated solution of 
sodium bicarbonate (20. ml) and finally with brine (20. ml). The organic phase was 
dried over· anhydrous magnesium sulphate, filtered and removed by rotary 
evaporation to afford (2.60. g, 60.%) yield as white solid in a ratio of 2:1 enantiomers 
at C2, mp 154°C. [a]zoD -53.9 (c 1.0.1, CHCh); (Found C, 78.71; H,6.81; N, 4.27. 
CzzHz3NO; requires C, 79.25; H, 6.95; N, 4.20.%); vmax(film)!cm·1 3292, 1643, 160.6, 
1540., 1265, 1213, 10.32, 699; OH( 400. MHz; CDCh) 1.31 (2 H, d, J6.8 Hz, C3maj), . 
1.36 (1 H, d, 17.2 Hz, C3ml.), 1.57 (3 H, dd, J 1.2 and 7.2 Hz, C2'), 3.66 (0..67 H, q, J 
6.8 Hz, C2maj), 3.71 (0..33 H, q, J 4.0. Hz, e2mi.), 3.91 (3 H, s, OCH3), 5.10. (1 H, dq, J 
3.6 and 7.2 Hz, Cl '),5.65 (1 H, d,J8.0 Hz, NH), 7.06-7.39 (8 H, m, arom.,Ph gp and 
nap-5, 7 & 3), 7.65 (1 H, dt,J 1.2 and 21.6 Hz, nap-I), 7.69 (1 H, d, J 16.4 Hz, nap-
4),7.71 (1 H, d, J 18.8 Hz, nap-B); oc(lOG MHz; CDCh) 18.0. (CH3, C3), 21.9 (CH3, 
C2'), 47.4 (CH, C2), 49.1 (CH,CI '), 55.7 (CH3, OCH3), 10.6.1 (CH, arom., nap-5), 
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119.5 (CH, arom., nap-7), 125.8, 126.0, 126.1 (3 x CH, arom., Ph gp.),126.2 (CH, 
arom., nap-4), 127.0 (CH, arom., nap-i), 127.5, 128.4 (2x CH, arom., Ph gp.), 128.9 
(CH, arom., nap-3), 129.0 (C quat., arom., nap-Ba), 129.2 (CH, arom., nap-B), 133.7 
(C quat., arom., nap-4a), 136.5 (C quat., arom., nap-2), 143.2 (C quat., arom., ipso in 
Ph gp.), 157.7 (C quat., arom., nap-6), 173.2 (C quat., arom., NH-C=O, Cl); mlz 333. 
[M+H], exact mass caled. for C22H24N02 334.1964 found 334.1964. 
(+)-(2S)-2-[6-(Methyloxy)naphthalen-2-yl]propyl[(1R)-1-phenylethyl]-
ammonium chloride: 200 
Compound (199) (2.47g, 7.41 mmol) was dissolved in freshly distilled THF (80 ml). 
Borane DMS complex (1.41 ml, 0.15 mol) was added dropwise and the mixture was 
heated at reflux overnight. After cooling to ambient temperature, the reaction was 
quenched with careful addition of methanol (60 ml), and then was heatedat reflux for 
1 h. The mixture was cooled to room temperature, the solvents were removed by 
rotary evaporation. The resulting residue was partitioned between aqueous HCI (25 . 
ml, 1 N) and diethyl ether (40 ml), this caused the precipitation of the final product 
(202) in (2.27 g, 87%) yield as white crystals, mp 254-256 DC (from diethyl ether). 
[a]20D +13.0 (c 1.09, CH30H); (Found C, 70.40; H, 7.11; N, "3.78. C22H26CINO 
requires C, 74.24; H, 7.36; N, 3.94% :. found C22H26ClNO.IH20); vmax(nujol)!cm- l 
3374,2923,2853,1461, 1377, 1213, 1027,703; 8H(400 MHz; CD30D) 1.37 (3 H, d, 
J7.2 Hz, C3), 1.67 (3 H, t, J7.2 Hz, C2'), 3.00 (1 H, ddd, J7.2, 12.4 and 23.0 Hz, 
.. HCHN, Cl), 3.22 (1 H, ddd, J 4.8,7.6 and 12.4 Hz, HCHN Cl), 3.33 (1 H, ddq, J 4.8, 
6.4 and 14.0 Hz, C2), 3.89 (3 H, s, OCH3), 4.35-4.41 (l H, m, Cl '), 7.13 (l H, qd, J 
r -
1.2 and 8.8 Hz, arom., nap-5), 7.22 (1 H, d, J2.4 Hz, arom., nap-7), 7.25 (1 H, ddd, J 
2.0, 8.8 and 26.4 Hz, arom., nap-3), 7.44-7.49 (5 H, m, arom., Ph gp.), 7.62 (1 H; d, J 
26.4 Hz, arom., nap-i), 7.71 (1 H, t, 9.2 Hz, arom., nap-4), 7.76 (1 H, dd, J 5.2 and 
8.4 Hz, arom., nap-B); 8c(100 MHz; CD30D) 19.6 (CH3, C3), 20.3 (CH3, C2'), 38.2 
(CH, C2), 53.1 (CH2, Cl), 55.8 (CH3, OCH3), 60.1 (CH, Cl '), 106.6 (CH, arom., nap-
5), 120.0.(CH, arom., nap-7), 126.3 (CH, arom., nap-4), 126.7 (CH, arom., nap-i), 
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128.7, 128.8, 128.9 (5 x CH, atom., Ph gp.)! 130.2 (CH, atom.,nap-3), 130.4 (CH, 
arom., napcB), 135.4 (C quat., arom., nap-Ba), 137.3 (C quat., arom., nap-4a), 138.1 
(C quat, atom., najJ-2), 138.2 (C quat., atom., ipso in Ph gp.), 159.1 (C quat., atom., 
nap-6); mlz 320 [M+], exact mass calcd. for cation C22H26NO 320.2014 found 
320.2014. 
(+)-N-(2S)-2-[6-(Methyloxy)naphthalen-2-yl)propyl-N-[(1R)-l-phenyl-ethyl)-
formamide: 201 
. Compound (200) (1.98 g, 5.59 mmol) was dissolved in DCM (50 ml), to which 
triethylamine (0.86 ml, 6.15 mmol) was added and the mixture was stirred for 15 
minutes. EDCI (2.15 g, 0.11 mol) was dissolved in DCM (50 ml) and to this NMM 
(1.23 ml, 11.2 mmol) was added at 0 °C, followed by formic acid (0.84 ml, 22.4 
mmol) and this solution was stirred at 0 °C for 15 minutes; The solution of (202) was 
cooled down to 0 °C and to this, half the formic acid solution .was added. This 
reaction mixture was allowed to worm up to room temperature over 6 h while stirring. 
The second half of the formic acid solution was stored in the fridge, and added after 
the 6 h period, then the reaction vessel was left to stir at room temperature overnight. 
The organic fraction was removed by rotary evaporation to provide yellow oil, which 
was purified by silica gel column chromatography using 2 % methanol in DCM. This 
afforded (202) in (0.55 g, 28%) yield as colourless oil. [a]2oD +4.6 (c 1.12, CHCh); 
vmax(film)/cm'!2964, 1667, 1606, 1453, 1393, 1266, 1031,701; IiH(400 MHz; CDCh) 
1.39 (3 H, d, J7.2 Hz, C3), 1.60 (3 H, d, J7.2 Hz, C2'), 3.04-3.19 (2 H, m,Cl), 3.28 
(1 H, dq, J 3.6 and 7.2 HZ,C2), 3.86 (3 H, s,OCH3), 5.72 (1 H, q,J 7.2 Hz, Cl '), .. 
7.02-7.07 (2 H, m, arom., nap-5 & 7),7.21-7.27 (5 H, m, atom., Ph gp.), 7.51 (1 H, d, 
J 13.6 Hz, ar~m., nap-3), 7.58-7.68 (2 H, m, atom., nap-4 &i), 7.84 (1 H, d,J 19.2 
Hz, nap-B), 8.45 (1 H, s, N-CHO); Iic(100 MHz; CDCh) 19.8 (CH3, C3), 20.9 (CH3, 
C2'), 38.5 (CH, C2), 50.6 (CH, Cl '),52.7 (CH2, Cl), 55.7 (CH3, OCH3), 106.1 (CH, 
atom., nap-5), 119.4 (CH, atom., nap-7), 126.1 (CH, arom., nap-4), 126.9 (CH, 
atom., nap-i), 127.3, 127.4, 128.2, 129.0 (5 x CH, atom., Ph gp.), 129.1 (C quat., 
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arom., nap-Ba), 129.2 (CH, arom., nap-3), 129.4 (CH, arom., nap-B), 133.9 (C quat., 
arom., nap-4a), 138.9 (C quat., arom., nap-2), 141.5 (C quat., arom., ipso in Ph gp.), 
158.0 (C quat., arom., nap-6), 163.8 (CH, N-CHO); m/z 347 [M+H], exact mass 
ca1cd. for C23H26N02 348.1964 found 348.1968. 
(+ )-( 4S)-4-Methyl-8-( methyloxy)-2-[ (1R)-1-phenylethyl]-3,4-dihydrobenzo[ h ]-
isoquinolinium dichlorophosphate: 202 
. Compound (201) (0.18 g, 0.52 mmol) was dissolved in benzene (10 ml). To this 
phosphorus oxychloride (POCh) (1.73 g, 18.7 mmol) was added. (The reaction turns 
bright yellow). This mixture was heated at reflux for 1 h before cooling it to ambient 
temperature and the solvents removed by rotary evaporation. This afforded (202) in . 
(0.24 g, 99%) yield as yellow oil. [a]2oD +36.2(c 1.06, CH3CN); vmaifilm)/cm·1 3387, 
2973,2844,2362, 1627, 1457, 1385, 1265, 1076,701; IiH(400 MHz; CD3CN) 0.88 (3 
H, d, J 8.0 Hz, nap-l I), 1.35 (3 H, d, J 8.0 Hz, C2'), 1.64-1.68 (2 H, m, nap-3), 3.41 
(1 H, q, J 8.0 Hz, nap-4), 3.98 (3 H, s, OCH3), 5.72 (1 H, q, J 8.0 Hz, Cl '),7.16 (1 H, 
d, J 8.0 Hz, arom., nap-9), 7.26 (1 H, d, J 4.0 Hz, arom., nap-7), 7.43-7.77 (6 H, m, 
arom., Ph gp. & nap-5), 8.29 (1 H, d, J 12.0 Hz, arom., nap-6), 8.37 (1 H, d, J 8.0 Hz, 
arom., nap-JO), 9.80 (1 H, s,HC=N, nap-I); Iic(100 MHz; CD3CN) 15.7 (CH3, nap-
11), 19.3 (CH3, C2'), 33.7 (CH, nap-4), 51.9 (CHz, nap-3), 55.2 (CH3, OCH3), 69.5 .. 
..... (CB, Cl'), 105.8 (Cll, arom., nap-7), 1.18.7 (CH, arom., nap-9), 123.2,125.4, (3 x. 
-- --
CH, arom., Ph gp.), 126.7 (C quat., arom., nap-JOa), 127.8, 128.0 (2.x CH, arom., Ph 
gp.), 128.9 (CH, arom., nap-6), 129.0 (CH, arom., nap-5), 129.7 (C quat., arom., nap-
lOa), 134.1 (C quat., arom., nap-6a), 134.6 (C quat., arom., nap-4a), 138.5 (CH, 
arom., nap-JO), 142.5 (C quat., arom., ipso in Ph gp.), 158.4 (C quat., arom., nap-B), 
160.9 (CH, HC=N, nap-I); m/z 330 [M+], exact mass calcd. for cation CZ3H24NO 
330.1878 found 330.1876. 
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(+)-6-[(lR)-1-Phenylethyl]-5H-dibenzo[c,e]azepinium tetraphenylborate: 206 
Prepared according to the general procedure in (0.84 g, 94%) yield as yellow plates, 
mp 175-176 °C (from ethanol). [afoD +21.9 (c 1.08, CH3CN); (Found C, 88.97; H, 
6.33; N, 2.25. C461f4oBN requires C, 89.45; H, 6.53; N, 2.27%); vmax(film)/cm-I 3444, 
3055,1639,1426,1031,705; oH(400 MHz; CD3CN) 1.85 (3 H, br. s, C2), 4.17 (1 H, 
br. s, Cl), 4.63 (1 H, br. s, CHH, azep-5), 5.45 (I H, br. s, CHH, azep-5), 6.81 (4 H, t, 
J 72 Hz, arom., para in BP~ gp.), 6.96 (8 H, t, J 7.2 Hz, arom., ortho in BP~ gp.), 
[7.25-7.49 (16 H, m, arom., Ph gp. & meta in BP~ gp.)], [7.69 (2 H, dt, J7.2 and 12.4 
Hz, arom.), 7.87-7.95 (3 H, m, arom.), azep-Biphenyl gp.], 8.96 (1 H, s, HC=N, azep-
7); oc(100 MHz; CD3CN) 18.4 (CH3, C2), 54.9 (CH2, CH2N, azep-5), 65.0 (CH, CH-
N, Cl), 121.5 (8 x CH, arom., ortho in BP~gp.), 125.3 (4 x CH, arom:,para in BP~ 
gp.), 125.2, 125.3 (5 x CH, arom., Ph gp.), 126.0 (C quat., arom., azep-4a), 126.6 
(CH, arom., aiep-3), 127.7 (CH, arom., azep-l), 128.0 (CH, arom., azep-4), 128.4 
(CH, arom., azep-2), 128.9 (CH, arom., azep-9), 129.7 (CH, arom., azep-ll), 129.8 
(CH, arom., azep-8), 134.4 (C quat., arom., azep-llb), 135.4 (CH, arom., azep-lO), 
135.7 (8 x CH, arom., meta in BP~ gp.), 136.5 (C quat., arom., azep-lla), 140.2 (C 
quat., arom., ipso in Ph gp.), 141.4 (C quat., arom., azep-8a), 163.5 (4x C quat., q, J 
196.0 Hz, arom;, C-B ipso in BP~ gp.), 167.6 (CH, HC=N, azep-7); mlz 298 [Ml, 
exact mass calcd. for cation Cz2H2oN 298.1596 found 298.1600. 
General procedure for the aqueous catalytic asymmetric epoxidation of simple 
alkenes mediated by iminium salts: 
To an ice cooled solution of sodium carbonate (4 eq), in water, (12 ml per 1.50 g of 
sodium carbonate), Oxone ™ (2 eq), was added with vigorous stirring and the resulting 
. foaming suspension was left to stir for 2 minutes so that most of the initial 
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effervescence subsided. The alkene substrate (1 eq, 100 mol%), was then added as a 
solution in acetonitrile, (7 ml per 100 mg of catalyst).· Followed by the iminium salt, 
(5-10 mol% with respect to the alkene substrate), also as a solution in acetonitrile of 
the same volume as the solution of the catalyst, dropwise. The substrates, which are· 
solids/low solubility, were added in double amounts of acetonitrile, and an equal 
amount of water was added as well, keeping a 1: 1 solvent ratio. The suspension was 
stirred at the same temperature until the substrate was completely consumed by TLC 
or after 2-3 h stirring for the slowest reactions. Finally, the reaction mixture was 
. diluted with diethyl ether· followed by water until most of the inorganic compounds 
dissolved. The organic fraction was separated. Then the aqueous fraction was further 
extracted with diethyl ether ( 4 times). The combined organic extracts were washed 
twice with brine, and dried over anhydrous sodium sulphate. Filtration and removal of 
the solvents by rotary evaporation furnished a yellow or light brown residue, which 
was macerated with diethyl ether and filtered through a plug of silica (removed the 
insoluble catalyst). The organic solution was then strippedof solvent to provide the 
crude epoxides, which are ca. 90% pure by NMR spectroscopy for completed or 
nearly completed reactions. Analytically pure epoxides were obtained by 
chromatography on a short column of silica gel, eluting initially with light petroleum 
to remove non-polar impurities and/or parent alkene, followed by light 
petroleum/ethyl acetate (95:5) to afford the epoxides. These were easily identified on 
silica by the quick manifestation of a deep blue stain upon exposure to an ethanolic 
solution of phosphomolybdic acid acidified with concentrated sulphuric acid. It must 
be noted that several epoxides are very volatile, and when solutions of these 
compounds were rotary evaporated, it is best that the water bath does not exceed 30 
°C. Epoxides are very sensitive compounds, and storage for prolonged periods of 
time, (days), is best to be done under nitrogen:. 
Tetraphenylphosphonium monoperoxysulphate: 
Potassium peroxymonosulphate triple salt (Oxone™) (2.00 g, 6.50 rnmol) was 
dissolved in doubly distilled water (40 rnl) in an Erlemneyer flask (250 rnl). This 
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solution . was kept magnetically stirring at 10-15 °C. Commercial 
tetraphenylphosphonium chloride (2.00 g, 5.30 mmol) in DCM (40 ml) was gradually 
. added (2-3 min). After an additional 3-4 min, stirring was stopped and the organic 
phase was separated dried over anhydrous magnesium sulphate and filtered. The 
organic solvent was then removed under vacuum at room temperature. The resulting 
crude salt was transferred on fritterd glass funnel and was carefully washed with cold 
bidistilled water (15 ml). The solid was then dried at room temperature under vacuum 
and was further purified by precipitating it out of a solution of DCM and n-pentane 
overnight in a freezer at -20°C to afford TPPP (1.30 g, 55%) yield as a white solid, 
95% in peroxide by iodometric titration. &H(250 MHz; CDCh) 7.60-7.69 (8 H, m; 
arom., 4 x Ph gp.), 7.75-7.82 (8 H, m, arom., 4 x Ph gp.), 7,86-7.93 (4 H, m, arom., 4 
. 16 
x Ph gp.), 8.89 (1 H, s, HOO). 
General procedure for the anhydrous catalytic asymmetric epoxidation of simple 
alkenes mediated by iminium salts: 
Tetraphenylphospllonium (TPPP) monoperoxysulphate (2 eq), was dissolved in 
acetonitrile (20 ml per g TPPP) and cooled to -40 °C· by means of a cooling bath. A 
pre-cooled solution of the iminium salt in MeCN (1 ml per 10 mg of catalyst) was 
added dropwise to the TPPP solution. Immediately a white precipitate was formed 
(tetraphenylphosphonium tetraphenylborate, if that catalyst is a tetraphenylborate 
salt). After 2 minutes, a cooled solution of the desired alkene also in acetonitrile (4 ml 
per 0.1 0 g of substrate) was added dropwise at a rate whereby the vessel internal 
temperature does not rise above -39°C. The suspension was stirred at the same 
temperature until the substrate was completely consumed by TLC or 3 h stirring for 
the slowest reactions. Finally, the reaction mixture was diluted with excess amount of 
diethyl ether followed· by filtration through an inch thick pad of Celite® and washed 
with diethyl ether. The organic solution was removed by rotary evaporation. The 
residue was suspended in diethyl ether (a white pp!. was formed if any TPPP passed 
through the filtration, also the catalyst crashed out). Filtration through a plug of silica, 
and the solvent was then dried over anhydrous sodium SUlphate, filtrated and removed 
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by rotary evaporation provided the crude epoxides, which are ca. 95% pure by NMR 
spectroscopy for completed reactions. Analytically pure epoxides were obtained by 
chromatography on a short column of silica gel, eluting initially with light petroleum 
to remove non-polar impurities and/or parent alkene, followed by light 
petroleum/ethyl acetate (95 :5) to afford the epoxides. 
la-Phenylperhydro-l-benzoxirene: . 
(") ~Ph 
l-Phenylcyclohekl-ene oxide: 100 ColoUrless oil, 68% yield; vmax(neat)/cm·1 3084, 
1602, 1495, 1446, 1359,1249, -1173, 1132, 1079, 1030, 993~ 974; oH(250 MHz; 
CDCh) [1.22-1.35 (1 H, m), 1.53-1.64 (3 H m), 1.99-2.06 (2 H, m) 2.16-2.18 (1 H, 
m), 2.26-2.32 (1 H, m), C3, 4, 5 & 6], 3.10 (1 H, t, J2.0 Hz, CH at C2), 7.28-7.44 (5 
H, m, arom., Ph gp.); Oc (62.5 MHz; CDCh) [19.8, 20.1, 24.7, 28.2 (4 x CH2, C3, 4, 5 
& 6)], 60.1 (C quat., Cl), 61.8 (CH, C2) 125.3 (2 x CH arom., ortho in Ph gp.), 127.1 
(CH arom., para in Ph gp.), 128.2 (2 x CH arom., meta in Ph gp.), 142.8 (C quat., 
arom., ipso in Ph gp.). 
7b-Phenyl-l a,2,3, 7b-tetrahydron aph tho [1 ,2-b I oxirene: 
-
l-Phenyl-3,4-dihydronaphthalene oxide:100a,lOl Pale yellow solid, 72% yield, mp 104-
106°C, (lit. mp 94-97 ~C).lOl vmax(nujol)/cm·1 1602, 1486, 1307, 1155, 1074, 1042, 
953; oH(250 MHz; CDCh) 2.10 (1 H, td, J 5.8 and 13.7 Hz, HCH, C3), 2.49-2.60 (1 
H, m, HCH, C4), 2.77 (1 H, dd, J 5.6 and 15.5 Hz, HCH, C3), 2.98-3.06 (1 H, m, 
HCH, C4), 3.71 (1 H, d,J3.1 Hz, C2), [7.11-7.31 (4 H, m, arom.), 7.45-7.61 (5 H, m, 
arom.), 9 x CH at CS, 6, 7, 8 & Ph gp.]; oc(62.5 MHz; CDCI3) 22.1 (CH2, C4), 25.4 
.. (CH2, C3), 60.9 (C quat., Cl), 63.0 (CH, C2) [126.0, 127.7, 127.9, 128.1, 128.2, 
128.6, 129.8 (9 x CH, arom.), 135.0, 137.5, 138.8 (3 x C quat., arom.), C4a, 5, 6, 7, 8, 
8a&Phgp.]. 
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(E)-2,3-Diphenyloxirane: 
Ph 
~ -
Ph 
Trans-stilbene oxide:l00a.102 White solid, 76% yield, mp 66-67 °C, (lit. mp 61-63 
0C).102a vmainujol)/cm·1 1601, 1492, 1284, 1176, 1157, 1094, 1072, 1025; BH(400 
MHz; CDCh) 3.84 (2 H, s, 2 x PhCH-O), 7.28-7.37 (10 H m, arom., 2 x Ph gp.); 
Bc(100 MHz; CDCh) 63.3 (2 x CH,2 x PhCH-O), 126.0 (4 x CH, arom., ortho in 2 x 
Ph gp.), 128.6 (2 x CH, arom., para in 2 x Ph gp.), 129.3 (4 x CH, arom., meta in 2 x 
Ph gp.), 137.6 (2 x C quat., arom., ipso in 2 x Ph gp.). 
2-Methyl-(E)-2,3-diphenyloxirane: 
Ph~ 
-
Ph 
Trans-(a-Methyl)-stilbene oxide:103 Colourless oil, 55% yield; vmax(neat)/cm·1 3061, 
1602, 1495, 1449, 1381, 1279, 1157, 1118, 1065, 1027, 980; BH(400 MHz; CDCh) 
1.46 (3 H, s, C3), 3.96 (1 H, s, Cl), 7.30-7.46 (10 H, m, arom., 2 x Ph gp.); Bc(100 
MHz; CDCh) 17.1 (CH3, C3), 63.5 (C quat., C2), 67.5 (CH, Cl), [125.6, 126.9, . 
127.7, 127.9, 128.6, 129.2 (10 x CH, arom.), 136.4, 142.8 (2 x C quat., arom.) 2 x Ph 
gp.]. 
6,6a-Dihydro-laH-indeno[l,2-b]oxirene: 
-
Indene oxide:104 Colourles~ oil, 52% yield; vmalneat)/cm·1 3027,2917, 1482, 1464; 
1390, 1372, 1232, 1183, 1142,829,758,745,723; BH(250 MHz; CDCh) 2.97 (1 H, 
dd, J2.7 and 18.1 Hz, HCH, C3 syn to C2), 3.21 (1 H, d, J17.6 Hz, HCH, C3 anti to 
C2), 4.13 (1 H, t,J3.0Hz, C2), 4.26 (1 H, dd,Jl.l and 2.8 Hz, Cl), [7.14-7.29 (3 H, 
m), 7.49 (1 H, dd, J 1.7 and 6.6 Hz) C4, 5, 6 & 7]; Bc(100 MHz; CDCh) 34.6 (CH2, 
C3), 57.6 (CH, C2), 59.1 (CH, Cl), 125.2 (CH, arom., C6), 126.1 (CH, arom., C5), 
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126.3 (CH, arom., C4), 128.6 (CH, arom., C7), 141.0 (C quat., arom., C3a), 143.6 (C 
quat., arom., C7a) . 
. 2,2,3-Triphenyloxirane: 
Ph Ph 
'=< Ph 
Triphenylethylene oxide: 1 OOa,l OS Colourless oil which slowly solidified, mp 66-67 °C, 
(lit. mp 75 0C)loOa. vmax(neat)/cm-1 3062, 3030, 2957, 2925, 2856, 1605, 1596, 1499, 
1471, 1448, 1262, 1221, 741, 698, 621; 8H(250 MHz; CDCh) 4.40 (1 H, m, PhCH), 
7.10-7.47 (15 H, m, 3 x Ph gp.); 8c(62.5 MHz; CDCh) 68.0 (CH, PhCH), [68.3 (C 
quat., Ph2C), 126.3, 126.8, 127.5, 127.6, 127.7, 127.8 128.0, 128.2, 128.6 (15 x CH, 
arom.), 135.42, 135.9, 141.1 (3 x C quat., arom.) 3 x Ph gp.]. 
2-Methyl-2-phenyloxirane: 
==< Ph 
a-Methylstyre~e oxide:106 Colourless oil, 64% yield; vmax(neat)/cm-1 3034, 2958, 
2929, 2872, 1604, 1496, 1447, 1381, 1343, 1061, 1027, 860,759, 699; 8H(250 MHz; 
CDCh) 0.86 (3 H,d, J 6.6 Hz, C3), 2.79 (1 H, dd, J 0.8 and 5.4 Hz, HCH, cids to Ph 
gp.), 2.96 (1 H, d, J 5.4 Hz, HCH, Cl'ra .. to Ph gp.), 7.24-7.38 (5 H, m, arom., Ph 
gp.); 8c(62.5 MHz; CDCh) 21.7 (CH3, C3), 56.7 (C quat., C2), 56.9 (CH2, Cl), 125.2 
(2 x CH, arom., ortho in Ph gp.), 127.4 (CH, arom., para in Ph gp.), 128.3 (2 x CH, 
arom., meta in Ph gp.), 129.0 (C quat., arom., ipso in Ph gp.). 
(3-Phenyl-2-oxiranyl)methanol: 
Trans-Cinnamyl alcohol oxide: lOoa,lo7 White solid, 78% yield; vmax(neat)/cm-1 3322, 
3266,2863, 1664, 1494, 1449, 1091, 1007,733; 8H(300 MHz; CDCh) 1.92 (1 H, s, 
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OH), 3.22 (1 H, ddt, J 0.1,2.0 and 3.8 Hz, HCH, Cl), 3.80(1 H, dd,J3.8 and 12.7 
Hz, HCH, Cl), 3.93 (1 H, d, J 2.1 Hz, C3), 4.02-4.08 (1 H, dd, J 2.3 and 12.7 Hz, 
C2), 7.26-7.41 (5 H, m, arem., Ph gp.); oc(75.4 MHz; CDCh) 55.7 (CH, C3), 61.3 
. (CH, C2), 62.6 (CH, Cl), 125.8, 128.3, 128.5 (5 x CH, arom., Ph gp.), 136.7 (C quat., 
arom., ipso in Ph gp.). 
(2E)-1,3-Diphenyl-2-propen-1-one: 
Chalcone-a.f3-epoxide: 68% yield as a white solid, mp 88-90 DC, (lit. mp 94-96 (from 
petroleum ether)I08). ymax(neat)/cm·1 1689; oH(300MHz; CDCh) 4.06 (1 H, d, J 1.5 
Hz, C3), 4.29 (1 H, d, J 1.5 Hz, C2), [7.32-7.67 (8 H, m, arom.), 7.93-8.04 (2 H, m, 
arom.), 2 x Ph gp.]. 
2-[1,1 '-BiphenyIJ-4-yloxirane: 
Ph~ 
~ 
Ph~ 
- ~ 
. /1 
'0 
para-Phenylstyrene oxide: 24% yield as a white solid, mp 94"96 DC, (lit mp 115-117 
DC)I09. oH(300 MHz; CDCh) 2.85 (1 H, dd, J 2.6 and 5.5 Hz, ), 3.91 (1 H, dd, J 2.5 
and 4.0 Hz, ),7.30-7.68 (9 H, m, arom., 2 x Ph gp.); oC{75.4MHz; CDCh) 51.2 (CH, 
C3), 52.2 (C quat., C2), 126.0, 127.1, 127.3, 127.4, 128.8 (9 x CH, arom., BiPh gp.), 
136.6,140.7,141.2 (3 x C quat., arom., BiPh gp.). 
(Z)-2-Methyl-3-butyloxirane: 
Cis-2,3-Epoxyheptene: 110 Colourless oil, 68% yield; ymax(neat)/cm·1 2959, 2930 2874, 
1390, 1259, 1218, 1151, 1114, 1032,752; oH(400 MHz; CDCh) 0.93 (3 H, t, J 8.0 Hz, 
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C7), 1.20 (3 H, d, J 4.0 Hz, Cl), 1.32-1.50 (6 H, m, C4, 5 & 6), 2.86-2.91 (1 H, m, 
C3), 2.99-3.06 (1 H, m, C2); oc(100 MHz; CDCh) 12.2 (CH3, C7), 13.0 (CH3, Cl), 
21.6 (CH2, C6), 26.2 (CH2, CS), 27.6 (CH2, C4), 51.6 (CH, C2), 56.1 (CH, C3). 
(Z)-3-Ethyl-4-propyloxirane: . 
Cis-3,4-Epoxyheptene:\lOC Colourless oil, 65% yield; vmax(neat)!cm'! 1465, 1380,911; 
oH(250 MHz; CDCh) 0.91-1.07 (6 H, m, Cl & 7), 1.43-1.61 (6 H, m, C2, 5 & 6), 2.8-
2.94 (2 H, m, C3 & 4); oc(100 MHz; CDCh) 10.9 (CH3, Cl), 14.4 (CH3, C7), 20.3 
(CH2, C6), 21.5 (CH2, C2), 30.7 (CH2, C5), 57.8 (CH, C4), 59.0 (CH, C3). 
(+)-Methylpara-tolyl sulphoxide: 60 
?0 
- . r~'~('~"'I" 
."" ........ --::/2 , , 
ReM ethyl para-tolyl sulphoxide,-2! White solid, 90% yield; mp 43-44 cC, (lit. mp 42-
43°C (from hexaneIDCM)l1! oH(250 MHz; CDCh) 2.42 (3 H, s, C2'), 2.71 (3 H, s, . 
Cl '),7.37 (2 H, dd, J 8.1 and 16.4 Hz, arom., meta in Ph gp.), 7.55 ( 2.H, d, J 8.1 Hz, 
arom., ortho in Ph gp.). 
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Appendix A 
X-Ray Reports 
X-ray Reports 
The crystallographic data for the structures presented in the text are given in the 
section. Professor V. Mckee and Dr. A. M. Slawin carried out the crystallographic 
, 
analyses at the University of Loughborough. 
Crystal data· for (+)-6-[(IR,2R,3R,5S)-2,6,6-trimethyl-bicyclo[3.1.I]hept-3-y1]-5H-
dibenzo[c,e]azepinium tetraphenylborate (57) (Figure 6, p. 59). C48H48BN, a = 12.807 
(7) A, b = 15.504 (8) A, c = 18.S44 (10) A, V =3682 (3) A, space group P21212), Z = 4, d 
= 1.172 g/cm3, Jl(MoKa) = 6.6 cm-I. Reflections were measured on a Bruker SMART 
1000 CCD diffractometer. The structure was solved by direct methods and expanded 
using Fourier techniques. R = 0.039. 
Crystal data for (-)-phenylmethyl N-(1S)-1-[(3aR,7aS)perhydro-1,3-benzodioxol-2-yl]-2-
phenylethyl carbamate (111) (Figure 9, p. 84). C43H46BN02, orthorhombic, a = 17.952 (3) 
A, b = 18.934 (4) A, c = 10.181 (3) A, V = 3461 (1) A, space group P21212t, Z = 4, d = 
1.189 g/cm3, Jl(CuKa) = S.S cm-I. Reflections were measuredon a Rigaku AFC7S 
diffractometer. The structure was solved by direct methods and expanded using Fourier 
techniques. Linear correction was applied to account for a 0.16% increase in the 
standards. R = 0.062 and Rw = O.OSO. 
· Crystal data for (-)-2-[(SS,6R)-2,2,6-trimethyl-3-(methyloxy)-4-oxo-1,3-oxazinan-S-yl]-
l,4-dihydroisoquinolinium tetraphenylborate (136) (Figure 12, p. 89). C41H43BN20l, 
· monoclinic, a = 9.847 (9) A, b = 12.275 (11) A, c = 14.633 (14) A, V = 1762 (3) A, space 
group P2t, Z = 2, d = 1.173 g/cm3, f!(CuKa) = 7.3 cm-I. Reflections were measured on a 
Rigaku AFC75 diffractometer. The structure was solved by direct methods and expanded 
· using Fourier techniques. R = O.OlS. 
Crystal data for (-)-(3S,l 0' S)-3-tert-Butyl-1.5.1 0.1 0' -tetrahydro[ 1 ,3·]oxazolo[3,4-b]-
isoquinoline (177) (Figure 15, p. 100). CIsH2INO, monoclinic, a = 10.199 (7) A, b = 
· 6.379 (S) A, c = 11.301 (8) A, V= 661 (8) A, space group P2t, Z = 2, d = 1.162 g/cml, 
f!(CuKa) = 7.2 cm-I. Reflections were measured on a Rigaku AFC7S· diffractometer. The 
structure was solved by direct methods and expanded using Fourier techniques.R= 0.011. . 
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Appendix B 
Chiral Separation Data Samples 
Epoxides Chiral Separation Analytical Separation 
, 
Using six-membered-l,3-dioxane catalyst (2), tripheriylethylene oxide was afforded in 
59% ee determined by chiral shift reagent Eu(hfc)3 by IH NMR spectroscopy (Figure 1). 
, -Q, 
M 
... 
.if 
I 
, M-lIi- 4- Hi 1.5 c;,irol El:ltt 1;'1/5/0'0 
" .. , 
L-------
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M , __ ------1------_ 00 __ ----J, 
_0. J""[ 
, " ,~j', '-·"-'-r- ~ " " ":, ' 
4.4!l, 4,44 4,40 4,.36 4,J,2 
, (PP,D;l) 
Figure 1 
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The result was also obtained by chiral' HPLC separation (Figure 2), displays 
triphenylethylene substrate spectrum. Figure 3 is the triphenylethylene oxide separation 
, on a Chirace\ OD HPLC column chromatography. 
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Using seven-rnernbered-l,3-dioxane catalyst (58), I-pheny1cyclohexene oxide was 
afforded in 70% ee determined by chiral shift reagent Eu(hfch by IH NMR spectroscopy 
. (Figure 4). 
I lil ': Jh. ;~ .. , l.~. 3.~6 J.:W 3.tl' .. , , J~O l.ll l.~2 J.SO . f2. 
(ppm) 
Figure 4 
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